K).C. HeHLjOB 


BBEflEHME B KJIETOHHYK) BMOJIOrMK). 

OBiijAfl umonorn5i. 



OrJIABJIEHHE 

npejHCJiOBHe. 

HACTB I. BBenemie. IIpejMeT KJieTOHHOH Siionormi 
TJ1ABA 1 . KneTOHiiafl Teopim 

KneTKa - 3 JieMeHTapHaa eflHHHpa ncHBoro 

KneTKa - can n an CHCTeMa conpjDKeHHbix (j)yiiKimonanbiibix can mm 
rOMOJIOrHHHOCTb KJieTOK 
KneTKa ot kjictkh 

KneTKa h MiioroKneTOHimni opraHH 3 M 
TOTHnOTeHTHOCTb KneTOK 
TJ1ABA 2. Meronbi mrrononm 

CBeTOBan MHKpocKomw 

BHTanbHoe (npH5KH3HeHHoe) roynemie KneTOK 
PTsynemie (J)HKCHpOBaHHbix KneTOK 
3neKTpOHHan m h k p o c ko n mi 

- KOHpacTHpOBaHHe KOpnycKynnpHbix oSbeKTOB 

- y n bt p a m h k p o c ko n 11 a 

- Apyrne cneu,HanbHbie MeTOflbi aiieKTpOHHOH MHKpocKonmi 

6nOnOTimeCKHX OObCKTOB 
OpaKu,H0HHp0BaHHe KneTOK 
BACTb II. Cnpoemie 11 xi-imhh KneTonnoro nnpa 

TJIABA 3. LteHTpanbHan norMa MoneKvnnpHOH SHonorim 
TJIABA 4. Mopc})onornfl nnepHbix CTpyKTyp 

Ponb anepimix CTpyKTyp b >k m3 i i ene HTen b i i o ct h KneTKH 
5Inepiibie KOMnoHeHTbi npoKapHOT 
^flpo ByKapHOTHnecKHx KneTOK 
3yxpOMaTHH h reTepoxpOMaTHH 
XpOMOCOMHblH LUIKn 

06man MOp(J)onorHn MHTOTimecKHx xpomocom 
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KjieTOHHBIH U.HKJ1 3yKapHOT 

3naopenpoayKL[Ha h nojninjiOHflHfl 

IIpocTpaHCTBeHHoe pacnojiojKeHHe xpomocom b HHTep(f)a3HOM a^pe 
TJ1ABA 5. CTpvKTypa h xhmha xpOMaTHHa 
^HK xpOMaTHHa 

PemiiKamui syicap h oth h e c k h x /IHK 
OCHOBHBie SeJIKH XpOMaTHHa - THCTOHBI 
(PyHKU,HOHaJIBHBie CBOHCTBa THCTOHOB 

nepBbiH ypOBeHB KOMnaKTH3au,HH ,ZI,HK. CrpyKTypiiaH pojiB HyKJieocoM 
HyKJieocoMBi npn penjiHKau,HH h TpaHCKpnnu,HH 
BTOpOH ypOBeHB KOMnaKTH3aU,HH AHK - 30 HM (J)H6pHJIJia 
HerncTOHOBbie SejiKH 

IleTJieBbie ^omchbi ^HK - TpeTHH ypOBeHB CTpyKTypHOH oprammiiHH 
XpOMaTHHa 

TJ1ABA 6. ^IjepHBiH 6ejiKOBbiH MaTpHKC 

06ihhh cocTaB a^epHoro MaTpHKC a 
^HK a^epHoro SejiKOBoro MaTpHKC a 
TJ1ABA 7. HeTBepTBiH - xpOMOHeMHBiH ypOBeHB vnaKOBKH xpOMaTHHa 
06maa opraHH3au,Ha MHTOTHnecKHx xpomocom 
BACT b III. 5Iaepiibie TpaHCKpnnTBi h hx TpaHcnopT 
TJIABA 8. ^lapBimKO - hctohhhk ph6ocom 
CT poeHne ph6ocom 

HeM onpeflejiaeTca hhcjio a^pBimeK b KJieTKe 
MHOJKeCTBeHHOCTB pH60C0MHBIX reHOB 
AMnJlH(j)HU,HpOBaHHBie flflpBIHIKH 
CTpoeHne h (|)yHKu,HOHHpOBaHHe reHOB pPHK 
CTpyKTypa a^pBimica 

<I>H6pHJIJiapHBIH HCIITp H flflpBIHIKOBBIH OpraHH3aTOp 
CTpyKTypHBie thhbi a^pBimeK 
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EeuKH fl^pbiniKa 

06maa cxeMa paSoTBi a^pBiimca KaK cnepHaaBHoro noKyca CHHTe3a 

Ph6ocom 

HoBBie, HeKaHOHHnecKHe (J)yHKu,nn appBimeic 

^ApBiniKO bo BpeMa MHT03a: nepH(J)epHHecKHH xpomocomhbih MaTepnaa 
TJ1ABA 9. Hepn6ocoMHBie npoavKTBi aa pa 

TpaHCKpHnu,™ hcphSocomhbix reHOB 
Mop(j)OJiorH^ PHII-KOMnoHeHTOB aapa 
Chhtc3 PHK b ny(J)ax nojiHTeHHBix xpomocom 
TpaHCKpHnu,™ Ha MeiiOTHHecKHx xpOMOCOMax 
Mop(})oaonia TpancKpunmin MnaMBMayaaBiiBix reHOB 
Chutcs TpaHcnopTHBix PHK 
TJ1ABA 10. .Haepnaa oooaoHKa 

KoMnoHeHTBi aaepnoil oSojiohkh 

Pojib aaepnoil oSojiohkh b a a e p n o - lui t o n a a 3 m bt h h e c ko m oOiviene 
HMnOpT KapHO(J)HaBHBIX SeJIKOB 
3KcnopT H3 aapa b miTonaasiviy 
/^HHaMHKa aaepnoil oSoaowKH b mhto36 
BACTb IV. HuTonaasMa 

TJ1ABA 1 1 . lniaaonaa3Ma h opraHeaaBi 

TJ1ABA 12. 06mHe cbohctbb SHoaorHaecKHx MeMSpaH 

CTpyKTypHOH OCHOBOH MCMSpBH ABaaeTCa flBOHHOH caoil aHnHflOB 
MeMopamiBie oeaKH BCTpoeHBi b onaiinnanBiH caoil 
JlnnH^Bi h 6eaKH MeMSpaH oSaaaaiOT aaTepaaBHoil noflBHacHOCTBK) 
KaeTOHHBie MCMopaiibi ac h m m ct p m hi i bi 
Pa3HBie MeMSpaHBi HMeiOT pa3aHHHBie cbohctbb 
MeMopaiibi accominpoBaiiBi c u 11 to n a as m bt h h e c k h m m oeaKBMH 
Poct MeMSpaH u,HTonaa3MBi nponcxoanT 3 a chct BCTpanBanna totobbix 
M eMSpaHHBIX ny3BIpBKOB 
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rJIABA 13. Unas m aT h h e c Kan MeM6paHa 

BaptepHO-TpaHcnopTHaa ponB njia3MOJieMMBi 

TpaHCMeMSpaHHBiH nepeHOC hohob n HH3KOMOJieKyjnipHBix coeflHHeHHH 
Be3HKyjIMpHBIH nepeHOC: 3H,Z],0IJHT03 H 3K30IJHT03 
PenenTopnaa ponB nna3MOJieMMBi 
Me'/KKaeTOHiioe y3HaBaHHe 

CnepHajiBHBie m e > k k a e t o i n i b i e coennneinni (KOHTaKTBi) 

KaeTOHiiaH CTeHKa (oSojionica) pacTeHnn 
KjieTOHHBie oSojiohkh SaKTepHH 

rJIABA 14. BaKvojiflpHafl CHCTeMa b n vt p h ks ctom i 1 o ro TpaHcnopTa 
06maa cxeMa (J)yHKn,HOHHpOBaHna BaicyojnipHOH chctcmbi 
rpanyaHpiiBiH 3 n no n a as m aT nne ck m ii peTHKynyM 
KOTpaHCJ15IU,HOHHBIH TpaHCIIOpT paCTBOpHMBIX SeJIKOB 
TpaHcnopT HepacTBOpHMBix (MeMopainiBix) SerncoB 
CHHTe3 KJieTOHHBIX MCMOpail 

TpaHcnopT ivie/Kny 3 n no n a a3 mbt h h e c k h m peTia KyayMOM n annapaTOM 
rOJIBflJKH 

rJIABA 15. AnnapaT 1 oaBnaoi 

ToHKoe CTpoemie annapaTa IojiBn>KH 
CeKpeTopnaa (J)ynKLuaa annapaTa IojiBn>KH 
MonHcJ)HKamni oeaKOB b annapaTe IojiBn>KH 
CopTHpOBKa 6enKOB b annapaTe IojiBn>KH 
rJIABA 16. JIh3QCOmbi 

Oounae x a p a kt e p h c t h k m jih30C0m 
M o p cj) oa o ruaecKaa neonnoponnocTB nroocoM 
JlH30C0MHBie naTOJIOTHH 

rJIABA 17. rjiajKHH peTHKVJiyM n npvrne MeM6paHHBie BaKvonn 

rjia^KHn (arpanyaapiibiH) 3 n n o n a a 3 m aT m h e c k m ia peTHKynyM 
BaKyojin pacTHTenBHBix kjictok 
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C(|)epocoMBi 

riepOKXHCOMbl (MHKpOTeJIBpa) 

CeKpepua 6enKOB h o6pa30BaHHe MeMSpaH y GaicrepHH 
HACTb V. IlHTonjTa3Ma: chctcmbi 3neproo6ecneHenna kjictkh 
TJ 1ABA 18. MHTOXQHjpHH - CTpoemie 11 ([whklihh 
06maa MOp(j)OJiorHa 
YjiBTpacTpyKTypa MUTOxonapnil 
(J)yHKU,HH MHTOXOIiapilH 

Okhc J iHTejiBHO e (J)occj)opHJiHpoBaHHe y SaicrepHH 
YBejiHHeHHe HHcaa mhtoxohaphh 
ABT openpoayKmia MMTOxonapHM 
XOHflpHOM 

TJ1ABA 19. 1 laacTiijBi 
XaoponjiacT 
<l)yHKU,HH XJIOpOnJiaCTOB 

OHToreHe3 h (JiynKUMonaaBiiBie nepecTpOHKH naacana 
(J)OTOCHHTe3HpyK)mHe CTpyKTypBI HH3IIIHX 3yKapHOTHHeCKHX 
npOKapHOTHHeCKHX KaeTOK 

TenoM naacana 

HACTb VI. IlHTonaa3Ma: onopno-aBHraTeabnaa CHCTeMa (uhto cxeaeT ) 

TJIABA 20. ripoMOKVTOH n Bie c|)HaaMeiiTBi 
TJIABA 2 1 . M h k p o (} ) h a a m e n t b i 

06mne CBOHCTBa MHKpocjfflaaMeHTOB 

AKT0-MH03HH0BBie KOMnOIieilTBI II6MBI 111631 1 BIX KaeTOK 
MBimeaHBie KaeTKH 
TJIABA 22. MHKpOTpVOOHKH 

06 man x a p a kt e p n c t n k a MHKpOTpySoaeic 
U,eHTpBi opraHH3au,HH ivin KpoTpyooneK 
^HHeHHBI H KHIieSHIIBI - MOTOpHBie 6eaKH 



TJ1ABA 23 . K.ieTOHiibiH ueiiTp 

U,eHTpOCOMBI H U,eHTpHOJlH 
U,eHTpOCOMHbIH U.HKJ1 

Ba3ajiBHbie Tejibpa, CTpoemie h flBioKemie pecmiHeK h myrincoB 
^BHraTejiBHtiH annapaT SaKTcpiiii 
HACTB VII. MexaHH3MBi KacTPHiioro aeaemia 
TJIABA 24. Miitothhcckoc jeaemie kjictok 
06maa opraHH3an,Ha MHT03a 
Pa3JIHHHBie THIIbl MHT03a 3yKapHOT 
Mop(J)oaonia mmtotmhcckom (jmrypbi 
U,eHTpOMepbI H KHHeTOXOp 
^HHaMHKa MHT03a 

C a m o o p r a hh 3 a u h a CHCTeMbi m h k p o t p y 6 o h e k 
MhT03 paCTHTeJlbHOH KJieTKH 
^cjiemie oaKTepnaabiibix kjictok 
TJIABA 25. MeH03 

OcoSeHHOCTH npo(jia3bi I mchothhcckoto flejieHHa 
CTa^iia npo(J)a3bi I mchothhcckoto flejieHiw 
TJIABA 26. Pervjianim kjictohiioio mncia 

(PaKTOp CTHMyaaUHH MHT030B 
U,HKJIHHbI 

Peryaamia kjictohhoto aeaemia y MJieKonirraioimix 
KOHTpOJIbHbie TOHKH KJICTOHHOTO U,HKJia 
TJIABA 27. TiiSejib kjictok: HeKp03 h anonT03 
HeKp03 
AnonT03 
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IO.C. HemjoB 

BBE^EHHE B KJIETOHHYK) EHOJIOrMO. 

OB1HAB U,HTOJIOrHB. 
nPE^HCJTOBHE 

^aHHtiH yneOHHx «BBe,neHHe b xjieTOHHyio 6HOJiormo» ABjnieTCfl npoflOJDxeHHeM 
npeflBiflymeii Kinini non Ha3BamieM «06man miToaorna», 3 e M3nanne 1995 r. 

3a nocneflHHe 50 neT npoH3onuio 3HawrejibHoe pa3BHTHe SHOJiorHHecxoii HayKH, 
KaK 6bi ee BTOpan peBomorpui, ecjiH 3a nepByK) CHHTaTb BpeMeHa nocne 1953 rona. 3a 
3to BpeMH ruraiiTCK'HH mar Bnepen cnejiajia MOJiexymipHafl onononia h 
MOJieKyjiapHaa reHeTHxa, KaeTOHiian n MOJiexyjMpHan nir/xenepiiii, hto no3BOJiHJio 
BHe^pHTB b npaKTHKy, b npoMBimjieHHOCTB MHorHe, Ka3anocb 6bi, hhcto 
TeopeTHnecKHe pa3pa6oTKH b pa3JiHHHbix o6nacT5ix coBpeMeHHoii SHOJiorHH. Pe3Koe 
pacmHpeHHe nirrepecoB HCCJienoBaTejieii h pa3BHTne MHornx npnHii,nnnajii)HO 
hobbix MeTOflHnecKHx nonxonoB npHBeno k HaKonneHHK) 3a nocjie^HHe roflbi 
MHC»KecTBa HOBbix (jjaKTOB h npencTaBJieHHH, KacaiomuxcH npaxTHnecxH Bcex 
acneKTOB SHOJiorHH xneTXH, xax b H3yreHHH ee CTpoemia, Tax h b MOJiexyjnipHOH h 
reHeTHHecKoii ee opraHH3au,nn. rio3TOMy hhcto CTpyKTypHbie, «n,HTOJiorHHecxHe» no 
npencTaBnemiio HexoTOpbix aBTOpOB, ypOBHH HBywenmi KJieTKH xax TaxoBon y>xe 
npocTO HeB03M05XHbi, xoth 6bi noTOMy, hto HeB03M0>xH0 OTOpBaTb CTpyxTypy OT 
(J)yHxu,nn. Cne^OBaTejibHO n ooyHemie CTyaeiiTOB nannoMy npenMCTy ^ojijxho Tax>xe 
CTpOHTbca Ha CTpyxTypHO-(J)yHXLi,HOHajibHOM no^xofle b royneHHH xneTxn. Bee sto 
Bbi3Bano HeoSxoflHMOCTb npn hobom ronaHHH yneSHHxa ncnojib30BaTb Ha3BaHne 
«BBenemie b xneTOwnyio 6nojiornK)», CTaBH Ha BTOpoe MecTO TepMHH «miTOHormi»», 
xax ycTapeBHiHH hjih apxaiiHiibiH. Xoth caM TepMHH «KjieTOHHax 6no.no nm» 6biji 
npHMeHeH BnepBbie b H33BaHHH xHHrn >K-E. KapHya eme b 1884 rony. 



B nacToameM M3aanini yneOmiKa, KOTOpoe aBaaeTca KpaTKHM H3aoaceHHeM Kypca 
«06meii phtohothh», HHTaeMoro aBTOpOM Ha OnoHonmecKOM cjaiKyabTCTe 
MocKOBCKoro yHHBepcHTeTa hm. M.B. JloMOHOCOBa yace 6oaee 30 aeT, caeaaHbi 
3HaaHTeaBHBie H3MeHeHHa, KaK, b nepByio onepeab, b oSHOBaeHHH, aonoaHeHHH h 
BBe^eHHH hoboh HH(J)opMaii,HH, Tax h b noeaeaoBaTeabHOCTH roaoaceHHa MaTepHaaa. 
3aecb Hcnoab3yeTca CHCTeMiibiii noaxoa b aHaaH3e paaaHHiibix KaeTomibix 
KOMnoHeHTOB, hto no3BoaaeT paccMaTpHBaTb hx He b OTpbiBe apyr ot apyra, a b 
peaocTHOH coBOKynHOCTH, b aaeMeHTapHOH eaHHHpe acHBoro - b KaeTKe. 
3HaaHTeabHO pacninpeH h oSHOBaeH MaTepnaa o KaeTOHHOM aape, o MeMSpaHHOH 
BaicyoaapHOH CHCTeMe, o pHTOCKeaeTe, o KaeTOHHOM aeaeHHH, BBeaeHbi HOBbie raaBbi 
o peryaapHH KaeTOHHoro pHKaa, o (j)opMax KaeTOHHOH rnOean (HeKp03 h anonT03) h 
MHoroe apyroe. 

OpHa H3 ocoSeHHOCTeii stoto yneSHHKa Ta, hto Kypc «06ipaa pHToaorHa» 
HHTaeTca CTyneHTaM Ha nepBOM Kypce. TaKoe pacnoaoaceHHe Kypca pHToaornn b 
yneSHOM naaHe CTyaeHTOB HMeeT cboh npeHMyipecTBa h cboh HeaocTaTKH. H 3 
HepocTaTKOB raaBHbiM, Ha Ham B3raaa, aBaaeTca to, hto paTb b aocTaTOHHO noaHOH 
Mepe CBepeHHa o CTpoeHHH KaeTOK h o (J)yHKu,nax ee komhohchtob oneHb TpyaHO h 
caoacHO 6e3 npHBaeneHHa MaTepnaaoB H3 CMeacHbix ancpHnaHH, tbkhx, KaK 
Shoxhmhh, 6no(j)H3HKa, MoaeKyaapHaa onoaorna. CayaeiiT ace Ha nepBbix Kypcax no 
coBpeMeHHbiM yneSHbiM nnamM H3ynaeT CHanaaa «o6mHe» ancpHnaHHbi: 
300H0THK), ooTaiiHKy, XHMHK), (|)H3HKy, m aT c m aT h Ky. Konenno 6biao 6bi aerne 
npenoaaBaTeaio HHTaTb Kypc miToaonni nocae toto, KaK CTyaeiiTbi H3ynaT sth 
o6mne aHcpHnaHHbi, a b poSaBOK k TOMy h Shoxhmhk), h reHeTHKy h ap- Ho HaM 
npeacTaBaaeTca HeB03MoacHbiM H3yneHHe tohkhx (J)H3HoaorHHecKHx OTnpaBaeHHH 
opraHH3MOB h KaeTOK 6e3 3HaHHH aaeMeHTOB hx opraHH3apHH. nosTOMy 6biao 
perneHO hath Ha KOMnpOMHce, aaBaa b Kypce KpaTKiie 3KCKypcbi b omoxhiyimio h 
MoaeKyaapHyro Onoaonno. 3th BBoanbie 03HaK0MaeHHa, KaK HaM npeacTaBaaeTca, 
He TaK TpyaHbi aaa CTyaenTOB-onoaoroB, TaK KaK ohh b ochobhom yKaapbiBaiOTca b 
nporpaMMy cpeanen mKoabi, h, KpOMe toto, npn caane KomcypCHbix 3K3aMeHOB 
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HIKOJIBHHKH HHTaiOT flOCTaTOHHO MHOTO ^OnOJIHHTeJIBHOH JIHTepaTypBI (bo bcjikom 
cjiynae mho me H3 hhx nopa>KaiOT oGhjihcm h raySunoH 3HaHHH Ha BCTynHTejiBHBix 
3K3aMeHax). 

,Z]pyroH ocoSeHHOCTBK) xypca nBJiaeTCn to, hto oh ^aeT CBeflemui o CTpoeHHH h 
(J) yHKU,HOHHpOBaHHH KJieTOK pa3HOTO npOHCXOJKfleHHa: SaKTepHH, paCTeHHM, 

5KHBOTHBie. 3 t 0 Ba’/KIIO, TaK KaK oyayuine 300JI0rH, OOTailHKH, MHKpoSHOJIOTH H 
BHpyCOJIOTH, He rOBOpa y'/KC O OMOXMMMKaX H OMOCjlMJHKaX, flOJHKHBI 3HaTB KJieTKy BO 
Bcex ee (J)opMax h 3hbtb maBHBie 3aKOHOMepHOCTH, aBjnnomHecu oSihhmh ^jib 
KJieTOK BHe 3aBHCHMOCTH OT HX OpTaHHOTO, TKaHeBOTO HJIH BHflOBOTO 
npoHCxojKfleHHa. IIoTTOMy h b yneSHHKe nocToamio ^ejiaiOTai cpaBHeHHa CTpoeHHa 
pa3HBIX KJieTOK, npOKapHOTHHeCKHX H 3 y K a p II O T H H e C K H X . 

npeacTaBaaeTca BamiBiM b Kypce KJieTOHHOH 6 hojiothh naBaTB He tojibko o6bcm 

KOHKpeTHBIX 3HaHHH, HO nOKa3BIBaTB KaK 3TH 3 1 1 a E I H 51 6bIJIH nOJiyneHBI. Il03T0My 
nacTO b onncaHHH KJieTOHHBix CTpyKTyp h hx cbohctb BBe^eHBi omicaniia 
3KcnepHMeHTOB h MeTOflHnecKHx npneMOB coBpeMeHHoii HayKH h ochobhbix 
M6TOJIOB COBpeMeHHOH KJieTOHHOH ShOJIOTHH. 3t0 JICJiaTB HeoSxOflHMO nOTOMy, HTO 
Hepe^KO HMeHHO HOBBie MeTO^HHecKHe npneMBi h pa3pa6oTKH MoryT 6bitb 
OCHOBaHHeM flJHI pa3BHTHH HOBBIX HanpaBJieHHH B H3yneHHH KJieTKH. 

B MBTepHaJIBI 3TOTO H3flafflM BHeCeH pBfl ^OnOJIHeHHH no CpaBHeHHIO c 
npeflBiflymHM H3flamieM. 3a npomefliHHe toabi HaKonnjiocB mhokcctbo hobbix 
CBeaemiH o xpOMaraHe h xpOMOCOMax, o Meiviopaiiax khctkii, o miTOCKeaeTiiBix 
CTpyKTypax h up. 3to OTpa>KaeT oypnoe pa3BHTHe paooT no inyieiiino kjectkii Ha 
caMBix pa3HBix ypoBiiax, nan mi an c onTiniecKoro, Koniaa MOJieKyjiapHBiM . BBeaeime 
b yneSHHK nocjieflHHx ^0CTH>KeHHH HayKH He Bcer^a onpaB^aHO, TaK KaK nacTO Ha 
ocHOBaHHH hobbix (jiaKTOB npe/piaraiOTai ranoTe3Bi h Teopnn, KOTOpBie HHor^a He 
onpaBflBiBaiOTCii, a nojiyneHHBie (JjaKTBi npnoSpeTaiOT BnoejieflCTBHH HHoe 
oSBucHeHHe. Bee >Ke 03HaK0MJieHne ciyueHTOB c HOBHHKaMH HayKH KpaiiHe 
IieOOXOJIHMO flJIB TOTO, HTOOBI OHH 3HaJIH, H 6 M >KHBeT HayKa B JiailllBIM MOMeHT, 
KaKHe»rop^HHe tohkh» b Hen npHBJieKaiOT BHHMaHne HCCJieflOBaTejieii. 
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B 3aKJiK)HeHne aBTOp BbipaacaeT ooabmyio SaaroaapnocTb cbohm KOJiJieraM 
Ka(J)eflpbi KJieTOHHOH SnoaoTHH h rncTOJiornn SHOJiorHHecKoro (j)aKyjibTeTa MEY h 
HHCTHTyTa (|)H3HKO-xHMHHecKOH SnoaoTHH hm. A.H. Beno3epCKoro, a Taxace apyrnx 
Kacf)eap h ynpeacaeHHH 3a noMomb b paSoTe Haa aaHHbiM roaaHHeM, cobctbi h 
KpHTHKy: npocj)eccopaM B.K). IIoaaKOBy, BE. OHHipeHKO, H.A. Bopo6beBy h 
^OKTOpaM SHOJiorHHecKHx Hayx O.B. 3apenHHOH, E.C. ElaaeacaHHoi! 

HacTb I. BBeaeHHe. IIpeaMeT KJieTOHHOH 6HoaorHH 

UnToaorna (ot rpen. kytos - a L ienKa, KJieTKa) - nayKa o KJieTKe, b coBpeMeHHOM 
3BynaHHH - onoaoniH KaeTKH - nayKa ^obojibho Moaoaaa. H 3 cpe^bi apyrnx 
SHoaorHaecKHx Hayx OHa BbiaeaHaacb noHTH cto JieT Ha3aa. BnepBbie o6o6meHHbie 
CBeaeHHa o CTpoeHHH xaeTOK Sbihh coSpaHbi b khhtc >K-E. KapHay «EHoaorHa 
KJieTKH», Bbimeflmeii b 1884 r. 

3a nocjieflfflie 50 aeT pHToaorna H3 onHcaTeabHO-MOp(f)oaorHHecKOH 
npeBpaTHaacb b 3 KcnepH m e n t aa b n y 10 Hayxy, CTaBaipyio nepea co6oh aaaann 
H3yaeHHa (|)H3Hoaornn KaeTKH, ee ochobhbix acH3HeHHbix (J)yHKu,nH h cbohctb, ee 
Shohothh. ,Z],pyrHMH caoBaMH, coBpeMeHHaa pHToaorna - 3to (J)H3HoaorHa KaeTKH. 
Bo3MO>KHOCTb TaKoro nepeKaiOHeHHa HHTepecoB HceaeaoBaTeaeii B03HHKaa b CBa3H c 
TeM, hto miToaonia tccho conpaaceHa c nayniibiMH h m ct oa h h e c k h m m 
aOCTHaceHHaMH OHOXHMHH, 6HO(j)H3HKH, MOaexyaapHOH OHOaOniH H reHeTHKH. 3to 
nocayacnao ocHOBaHHeM aaa yraySaennoro inyHemia KaeTKH ktik TaxoBOH, aaa 
H3yaeHHa ee o6iphx cbohctb h (J)yHKH,HOHHpOBaHHa yace c no3Hu,HH sthx Hayx, hto h 
aaao CHOBaHHe a-Jia noaBaeHHa hckoh CHHTeTHHecKOH HayxH o xaeTKe, a hmchho 
6HoaorHH KaeTKH nan, xax naipe Ha3biBaK)T, KaeTOHHOH SnoaoTHH. B stoh Hayxe 
naoaoTBOpHO coneTaiOTca xax MOp(j)oaorHHecKHe, Tax h MoaeKyaapHO- 
SHoaorHHecKHe noaxoabi, hto no3BoaaeT b nacToamee BpeMa CHHTaTb, hto TepMHHbi 
PHToaorna h SnoaoTHa KaeTKH coBnapaiOT, t.k. hx npeaMeTOM H3yneHHa aBaaeTca 
KaeTKa, HMeioipaa cboh coScTBeHHbie 3aKOHOMepHOCTH oprammpHH h 
(J)yHKpHOHHpOBaHHa. 
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/IncnMnanna «EHoaorHa KJieTKn» otiiochtch k cjiy i ipa m e ht aa b n bi m pa3peaaM 
SnoaorHH, t.k. OHa nccaepyeT h onncbiBaeT epHHCTBeHHyio epHHHuy Bcero acHBoro 
Ha 3eMae - KaeTKy. IIo3HaHHe KaeTKH HMeeT BaacHeiiHiee 3HaaeHHe paa pa3BHTHa 
MHoacecTBa ppyrnx SnoaornnecKnx HayK, TaKHx kbk ({winoaorna, reHeTHKa, 
MoaexyaapHaa onoaorna h pp., t.k. paeT hm KaK 6 bi cyScTpar, Marepnaa paa 
H3yaeHHa OTpeabHbix cbohctb hmchho KaeTOK: Bee (fiyHxpHOHaabHbie OTnpaBaeHHa 
opraHH3MOB HMeroT KaeTOHHyio ocHOBy. OrpOMHoe 3HaaeHHe coBpeMeHHaa 
PHToaorna Han onoaorna KaeTKH, HMeeT paa Mepnpnnbi, TaK KaK mo6bie 
3a6oaeBaHHa HeaoBeaecKoro opraHH3Ma CBoefi ochoboh hmciot naToaornio 
KOHKp eTHbix KaeTOK nan hx rpynn, hto BaacHO paa no iih M anna pa3BHTHa 6oae3HH, 
paa ee pnarHOCTHKH h paa Bbi6opa mctopob aeaeHHa h npocjiHaaKTHKH 3a6oaeBaHHa. 
,Z],aHTeabHoe h npHCTaabHoe H3yaeHHe KaeTKH xax TaKOBOH npHBeao x 
(|)0pMyaHp0BaHHK) BaacHoro TeopeTnnecKoro oooouienna, cji o p m y a n p o b a n n i o Tax 
Ha3biBaeMOH KaeTOHHOH TeopHH, HMeioipeii orpOMHoe o6ipe6HoaorHHecKoe 
3HaaeHHe. 

Taaea 1. KaeTOHHaH TeopHH 

KaeTOHHaa Teopna - 3 to o 6 o 6 ipeHHbie npepcTaBaeHHa o CTpoeHHH KaeTOK KaK 
epHHHU, aCHBOTO, 06 HX pa3MHOaceHHH H poan B (|)OpMHpOBaHHH MHOTOKaeTOHHblX 
OpraHH3MOB. 

IloaBaeHHK) h cj) o p m ya n p o b a n n i o OTaeabiibix noaoaceHHH KaeTonnon TeopHH 
npepniecTBOBaa pobohbho paHTeabHbiH (6oaee TpexcoT aeT) nepnop HaKonaeHHa 
HaSaiopeHHH Hap CTpoeHHeM paianniibix oanoxaeTOHiibix h MiioroxaeTOHiibix 
opraHH3MOB pacTeHHH h acHBOTHbix. 3tot nepHop 6bia CBa3aH c pa3BHTHeM 
npHMeHeHHa h yeoBepmeHCTBOBaHHa pa3aHHHbix onTHaecKHx MeropoB 
HceaepoBaHHH. 

PooepT Tyx (1665) nepBbiM naoaiopaa c noMOipbio yBeanmiTeabiibix aHH3 
noppa3peaeHHe TKaHeii npo6xn Ha «aHenxn», nan «KaeTKH». Ero onncanna 
nocayacnaH tohhkom paa noaBaeHHa c n c t e m aT n h e c k n x HceaepoBaHHH aHaTOMHH 
pacTeHHH (MaabnHTH, 1671; rpio, 1671), KOTOpbie nopTBeppHan HaSaiopeHHa 
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PoSepTa ryica h noKa3aaH, hto pa3HOo6pa3Hbie nacTH pacTeHHH coctoht H3 tccho 
pacnoaoaceHHbix «ny3bipbKOB», hjih «MemoHKOB». IIo3aHee A. JleBeHryK (1680) 
OTKpBIJl MHp OflHOKJieTOHHBIX OpraHH3MOB H BnepBBie yBHfleJI KJieTKH '/KHBOTIIblX 
(3pHTpou,HTbi). IIo3AHee KJieTKH >KHBOTHbix 6biJiH onHcaHbi cp. (PoHTaHa (1781); HO 
3th h apynie MHoroHHcaeHHbie iiccaenoBaniia He npHBejiH b to BpeMa k noHHMaHHio 
yHHBepc ajibHO cth KJieTOHHoro CTpoeHHa, k hctkom npencTaBaemiaM o tom, hto ace 
aBJiaeT co6oh KJieTKa. nporpecc b royneHHH MHKpoaHaTOMHH h kjictkh CBH3aH c 
pa3BHTHe MHKpOCKOnHpOBaHHa B XIX B. K 3TOMy BpeMeHH H3MeHHJIHCb 
npeflCTaBJieHHa o CTpoeHHH rjictok: raaBHbiM b opraHH3au,HH kjictkh CTajia 
CHHTaTbca He KaeTOHHaa CTeHKa, a coSctbchho ee coaepacHMoe, npoTonjia3Ma 
(IlypKHHa, 1830). B npoTonjia3Me 6biji OTKpbiT nocToamibni komhohcht KJieTKH - 
aapo (BpayH, 1833). Bee 3th MnoroHucaeniibie naSaioaemia ho3bojihjih T. IIlBaHHy b 
1838 r. caeaaTb paa o6o6meHHH. Oh noKa3aji, hto khctkh pacTeHHH h hchbothbix 
npinmumiaabno cxoanbi Meacay co6oh (roMOJiorHHHbi). «3acjiyra T. IIlBaHHa 
3aKJiiOHaaacb He b tom, hto oh OTKpbiJi KJieTKH KaK TaKOBbie, a b tom, hto oh naynna 
HCCJieaoBaTejieii noHHMaTb hx 3HaHeHHe»(Baabaeiiep, 1909). ^ajibHenniee pa3BHTHe 
3th npeacTaBJieHHa noayHHHH b paSoTax P. BnpxoBa (1858). Co3aamie KJieTOHHOH 
TeopHH CTaao BaacHenniKM co6biTHeM b 6hojiothh, oahhm H3 pemaiomHx 
aoKa3aTejibCTB eamiCTBa Been hchboh npupoabi. KjieTOHHaa Teopna OKa3ajia 
3HaHHTeabHoe Bana mie Ha pa3BHTHe Shojiothh, nocayacHHH raaBHbiM cfiyunaMeiiTOM 
aaa pa3BHTHa TaKHX aHCU,HnJIHH, KaK 3M6pHOJIOTHa, THCTOHOTHa H (J)H3HOJIOTHa. OHa 
aaaa ochobbi j\ji% noHHMaHHa 5kh3hh, a-Jifl oSbacHeHHa poacTBeHHoii B3aHMOCBH3H 
opraHH3MOB, an a noHHMaHHa HHaHBHayajibHoro pa3BHTHa. 

OcHOBHBie noaoaceHHa KJieTOHHOH TeopHH coxpaHHJiH CBoe 3HaneHHe h Ha 
ceroaHaniHHH aeHb, xoTa 6ojiee neM 3 a cto naTbaecaT aeT 6bihh nojiyneHbi HOBbie 
CBeaeHHa o CTpyKType, aarmeaeaTeabHOCTH h pa3BHTHH KaeTOK. B HacToamee BpeMa 
KaeTOHHaa Teopna nocTyanpyeT: 

1) KaeTKa - aaeMeHTapHaa eaHHHpa acHBoro: - BHe KaeTKH HeT 5kh3hh. 
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2) KneTKa - carman CHCTeMa, cocToamaa H3 MHoncecTBa 3aKOHOMepHO CBHiamibix npyr 
c flpyroM 3JieMeHTOB, npeflCTaBnniomHx co6oh onpefleneHHoe penocTHoe 
o6pa30BaHHe, cocToauiee H3 conpjDKeHHBix (J)yHKu,HOHajibHbix epHiiHH - opranenn 
HJ1H OpraHOHflOB. 

3) KneTKH CXOflHbl - TOMOnOTHHHBI - no CTpOeHHK) H no OCHOBHbIM CBOHCTBaM. 

4) KneTKH yBemnniBaiOTCfl b nncne nyreM peneHHn hcxophoh KneTKH nocne ypBoeHHn 
ee reHeTnnecKoro MaTepnana (^HK): KJieTKa ot KneTKH. 

5) M n o ro Kn ctoh n bi h opraHH3M npeflCTaBJineT co6on HOByK) cncTeMy, cjiokhbih 
aHcaMSnb H3 MHoncecTBa kjictok, oSbeflHHeHHbix n HHTerpnpOBaHHbix b cncTeMbi 
TKaHen n opraHOB, CBHsamibix npyr c npyroivi c noMomBio xhmhhcckhx cfiaKTopoB, 
ryMOpanbHbix n HepBHbix ( Mone Kyra p nan perynamia). 

6) KneTKH MiioroKneToniibix opraHH3MOB TOTnnoTeHTHbi, T.e. oSnapaiOT re 1 1 ct h h e c k h m m 
noTeHu,nnMH Bcex KneTOK paHHoro opraHH3Ma, paBH03HanHbi no reHeTnnecKOH 
HH(J)opMau,HH, ho OTJiHHaiOTCfl ppyr ot ppyra pa3Hoii 3KcnpeccHeH (paSoToii) 
pa3nH L iiibix reHOB, hto npiiBonriT k hx m o p cj) on o ranee ko m y h cfiy i i k h h o i i an b i i o m y 
pa3H006pa3HK) - K flH(f)(])epeHIIHpOBKe. 

1. KneTKa - sneMeirrapHaH ennHiiua ^cHBoro 

ripencTaBneiiiie o KneTKe KaK o c a m o c t o h t e n b i i o h •/KnnieneflTenBiiOM eniiinme 
6bino nano euie b paooTax T. IIlBaHHa. P. BnpxoB Taxnce CHiman, hto Kancpan KneTKa 
HeceT b ce6e nonHyK) xapaKTepHCTHKy >kh3iiii: «KneTKa ecTb nocneniiMM 

MOp(j)onorHHecKHH 3neMeiiT Bcex /Khbbix Ten, h mbi He HMeeM npaBa HCKaTB 
HacTonmeH ncroHepenTenBHOCTH BHe ee» (1858). 

CoBpeMeHHan HayKa nonHOCTBK) poKa3ana sto nononceHne. B nonynnpHOH 
nHTepaType KneTKy nacTO HanBiBaiOT «aTOMOM 5 kh3hh», «KBaHTOM >kh3iiii», 
noflHepKHBan TeM caMBiM, hto KneTKa - sto HaHMeHBman ep HHHpa ncHBoro, BHe 
KOTOpOH HeT 5KH3HH. 

TaKan oouiaa xapaKTepHCTHKa KneTKH ponncHa b cbokd onepepb oniipaTbca Ha 
onpeneneime hchboto - hto TaKoe ncHBoe, hto TaKoe 5 kh3hb. Ohciib Tpynno naTB 
OKOHnaTenBHoe onpepeneHHe hchboto, >kh3hh. 
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M.B. BojiBKemiiTeiiH (1965) ^aeT cae/iyiomee onpefleaemie acH3HH: «acHBBie 
opraHH3MBi npe^CTaBaaK)T co6oh OTKpBiTbie (T.e. oSMeHHBaiomHecH c oxpyacaiomeH 
cpe^OH BemecTBOM h 3HepTHeii), caMOperyjiHpyiomneca h caMOBOcnpOH3BOflamHeca 

CHCTeMBI, BaaCHeHHIHMH foyHXTTHOHHpyiO TTT HMH BemeCTBaMH KOTOpBIX aBHaiOTCfl 
Seaxn h HyKaeHHOBBie xhchotbi)). )KHBOMy cbohctbch pa,n coBOKynHBix npH3HaKOB, 
TaKHx, Kax ciiocoShoctb k BOcnpoH3BefleHHio (penpoflyKpHH), ncnoaB30BaHne h 
TpaHC(J)opMau,Ha 3Heprnn, MeTa6oaH3M, HyBCTBHTeaBHOCTB, H3MeHHHBOCTB. H Taxyio 
COBOKyilHOCTB 3THX IipH3HaKOB MOaCHO oSHapyaCHTB Ha XHeTOHHOM ypOBHe. HeT 
MeHBHieil eflHHHH,BI '/KHBOrO, H e M KHCTKa. MbI MO>KeM BBiaeaHTB H3 KaeTKH 
OTaeabiibie ee KOMnoneiiTBi nail % aace MOJieicyjiBi h ySeflHTBca, hto mho rue H3 hhx 
oSaa^aMT cneu,H(j)HHecKHMH (J)yHKu,HOHaaBHBiMH ocoSeHHoexaMH. Tax, BBi^eaeHHBie 
aKT0MH03HH0Bbie (J)H6pHaaBi MoryT coKpamaTBca b otbct Ha ^oSaBaeHHe ATO; BHe 
xaeTKH npexpacHO «pa6oTaiOT» MHorne (jiepMeHTBi, ynacTByiomHe b CHHTe3e nan 
pacnaae caoacHBix OMOoprannHeckaix MoaeKya; BBiaeaemibie ph6ocombi b 
npHcyTCTBHH HeoSxoflHMBix (jDaxTOpOB MoryT CHHTe3HpOBaTB 6eaox, pa3pa6oTaHBi 
HeKaeTOHHBie chctcmbi (jDepMeHTaTHBHoro CHHTe3a HyxaeHHOBBix KHcaoT h t.h. 
Mo'/Kiio an chuthtb Bee 3th KaeTOHHBie xoMnoHeHTBi, CTpyxTypBi, (|)epMeHTBi, 
MoaexyaBi >khbbimh? Moacno an chiitcItb acHBBiM axT0MH03HH0BBiH KOMnaexc? 
/lyMaeTCH, hto HeT, xoth 6bi noTOMy, hto oh oSaaaaeT hhhib hbctbio na6opa cbohctb 
acHBoro. To ace othochtch h k ocTaaBHBiM npHMepaM. ToaBxo xaeTxa xax TaxoBaa 
aBaaeTca HaHMeHBHieii eflHHHu,eii, oSaa/jaiomeH bccmh BMecTe b3htbimh 
CBOHCTBaMH, OTBenaiomHMH onpefleaeHHio «acHBoe». 

Hto ace Taxoe xaeTxa, xaxoe eii MoacHO aaTB oouiee onpeaeaemie? H 3 mxoaBHoro 
xypca H3BecTHO, hto pa3HOo6pa3HBie xaeTXH hmciot coBepmeHHO Hecxo^Hyio 
Mop (j)oaorHK) , hx BHeiHHHH BHfl h BeaHHHHBi 3HaHHTeaBHO pacxoflaTca. 
/(eHCTBHTeaBHO, hto o6mero Meac^y 3Be3flnaTOH (j)opMOH HexoTOpBix HepBHBix 
xaeTOx, mapOBHflHOH (J)opMOH aefixopHTa h Tpy6xoo6pa3Hoii (j)opMOH xaeTXH 
3HflOTeana. Taxoe ace pa3HOo6pa3He (J)opM BCTpenaeTca h cpe^H MHxpoopraHH3MOB. 
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Il 03 T 0 My MBI flOJl>KHBI IiaXO^HTB o6lU,HOCTB 5 KHBBIX 06bCKT0B He B HX BHdHHCH 
(J)opMe, a b o6lhhocth hx BHyrpeHHeH opraffimpiiH. 

Cpean /KHBBix opraHH3MOB BCTpeaaiOTCH asa Tuna oprammaHH kuctok. K 
HanSoiiee npocTOMy Tuny CTpoemia mo'/Kiio otiicctm kjictkh SaKTcpirii h 
CHHe3ejieHbix BoaopocjieH, k Soaee BBic0K00praHH30BaHH0My - kjictkh Bcex 
OCTaJIBHBIX 5KHBBIX CymeCTB, HaHHHaa OT HH3HIHX paCTCHHH II KOHHaa HCJIOBeKOM. 

npHHUTO Ha3BIBaTB KJICTKH SaKTepHH II CHHe3CJieHBIX Boaopocjieil 
npOKapHOTHHeCKHMH (aOaaepHBIMH KJieTKaMH), a KJieTKH Bcex OCTaJIBHBIX 
npeacTaBHTejieii jkhboto - oyKapHOTHHe c khmh (coSctbchho aaepHBiMii), noTOMy hto 
y nocjieaiiHx oSaiaTCJiBnoM CTpyKTypOH cjiy>KHT KJiCTomioe aapo, OTacjicimoe ot 
u,HTonjia3MBi aaepnoii oSojiohkoh. 

Coaep'/KHMoe n p o Ka p m othh e c ko h kjictkh oaeTO n a as m aT m i e c ko m MCMopanoH, 
nrpaiomeH pojib aKTHBHoro oapbepa MC/Kay cooctbciiiio u,HTonjia3MOH kjictkh h 
BHeuiHeii cpeaoii (pnc. 1, 2). 06bihho CHapyiKH ot njia3MaTHHecKOH MeM6paHBi 
pacnoao'/Kcna KJieTomiaa CTeHKa hjih oSojiOHKa - npoayKT kjictohiioh aKTHBHOCTH. y 
npoKapHOTHHecKHx KJieTOK hct MOpcjiojiorHHecKH BBipajKeHHoro aapa, ho 
npncyTCTByeT b BHae TaK Ha3BiBaeMoro HyKJieoHaa 30Ha, 3anojiHeHHaa /|HK. 

B OCHOBHOM BemeCTBe (HJIH MaTpHKCe) U,HTOnJia3MBI npOKapHOTHHeCKHX KJieTOK 
pacnojiaraiOTca mhotohhcjichhbic phSocombi, H,HTonna3MaTHHecKHe >Ke MeM 6 paHBi 
06 BIHHO Bbipa/KCIIBI He TaK CHJIBHO, KaK y lyKapiIOTHHCCKIIX KJieTOK, XOTfl HeKOTOpBie 
BHaBi SaKTepHH (HanpHMep, (j)OTOTpo(J)HBie nypnypHBie SaKTcpini) SoraTBi 
BHyTpHKJieTOHHBIMH MCMOpaiHIBIMH CHCTCMaMH. OlCIIB CHJIBHO 

H,HTonna3MaTHHecKHe MeM 6 paHBi pa3BHTBi y CHHe3ejieHBix Boaopocjieii. 06bihho Bee 
BHyTpHKJieTOHHBie MeMSpaHHBie chctcmbi npoKapHOT pa3BHBaiOTca 3a chct 
njia3MaTHHecKoii MeMSpaHBi. 
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Ho He TOJibKO npHcyTCTBHe m o p cj) oa o r m a e c k h — BbipaaceHHoro aapa aBnaeTca 
OTJiHHHTejibHBiM npH3HaKOM oyKapHOTHHecKHx KJieTOK. Y KJieTOK Bbicmero Tlina 
(oyKapHOTHnecKHx) KpOMe aapa b u,HTonjia3Me cyuiecTByeT ueabiM na6op 
cneu,HajibHbix o6a3areabHbix CTpyKTyp, opraHejui, BbinoaiHuounix OTaeabHbie 
cneu,H(J)HHecKHe (JiyHKpiiH (pnc. 3, 4). K HHcay opraHejui othocht MeMSpaHHbie 
CTpyKTypbi: CHCTeMy 3 n a o n a as m ar h h e c ko h ccth (peTHKyayMa), annapaT IonbaacH, 
HH30C0MBI, MHTOXOHapHH, naaCTHabl (ana KJieTOK paCTeHHH). KpOMe TOTO, ana 
3y KapHOTHHe ckhx KJieTOK xapaKTepHO nan h awe MeMSpamibix CTpyKTyp, tbkhx KaK 
MHKpOTpySOHKH, M H K p O (j) H 3 B M 6 II T b I , U,eHTpHOJIH (flJia KJieTOK /KHBOTIIbIX) II ap. 

3y Kap h ot h w e c k n e KaeTKH oSbihho HaMHoro KpynHee n p o k a p h ot h h e c k h x . TaK, 
naaoHKOBHanbie SaKTepini HMeiOT nanny ao 5 mkm, a TOJimHHy okojio 1 mkm, b to 
B peMa KaK sy Kap h ot h l i e c k m e KaeTKH b nonepemniKe Moryr aocTiiraTb necaTKOB mkm. 

He c mot pa Ha neTKiie m o p ({) on o ran e c k h e OTaiiHua, h n p o k a p h ot h a e c kti e h 
ayKapHOTHHecKHe KaeTKH HMeiOT mhoto o6mero, hto ii no3BonaeT othccth hx k 
oaHoii, KaeTOHiioii, CHCTeMe opraHH3au,HH jkhboto. H Te h apynie oaeTbi 
naa3MaTHHecKOH MCMopanoH, oSnanaiomen cxoaHoii (J)yHKu,iieH bkthbhoto 
nepeHoea BemecTB 113 KaeTKH 11 BHyrpb ee; CHHTe3 6eaKa y hhx nponcxoaHT Ha 
puSocoMax; cxoaHbi h apyrne npoueccbi, tbkhc, KaK CHHTe3 PHK 11 penmiKamia 
,H,HK, noxo>KM h OHOinepreTHHecKne npoueccbi. Hcxona H3 BbimecKa3aHHoro KaeTKe 
mo>kho aaTb o6mee onpeaeaeHiie. KaeTKa - 3 to orpaHHHeHHan aKTiiBHofl 
MeMSpaHoii, ynopnnoHeHHaH CTpyKTypHpoBaHHan CHCTeMa SnonoaHMepoB 
(6eaKOB, HyKaeHHOBbix KHcnoT) m hx MaKpoMwneKynupHbix KOMnaeKCOB, 
yHacTByromHX b eaHHoii coBOKynHOCTH MeTa6onHaecKHX h 3HepreTHHecKHX 
npopeccoB, ocymecTBnuiomHx noaaepiKaHHe h BocnpoH3BeaeHHe Been cncTeMbi 
b peaoM. 

Kopoae: KaeTKa - caMonoaaepacHBaiomancn 11 caMOBoenpOH3Boaamaaca CHCTeMa 
SnonoaHMepOB. 3to onpeaeaeHiie aaeT omicaHHe ochobhbix cbohctb <okhboto» - 
BoenpOH3BeaeHHe noaoSHoro ce6e 113 HenoaoSHoro ce6e. 
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y MHOrOKJieTOHHBIX OpTaHH3MOB HaCTb KJieTOK yTpaHHBaeT CBOHCTBO 
pa3MHOacaTBCfl, HO OHH OCTaiOTCH KJieTKaMH a o Tex nop, noxa cnocoSHbi BeCTH 
CHHTeTHnecKHe npopeccbi, peryjiHpOBaTB TpaHcnopT BemecTB Meacy rjictkoh h 
cpeaoii, HcnojiB30BaTB fljia 3 thx npopeccoB 3HeprHK). Ectb npHMepbi 6e3baaepHbix 
KJieTOK (3pHTpOU,HTBI H Tp 0 M 60 H,HTBI MJieKOnHTaiOHIHX, IICKOTOpbie MblUICHIIbie 
KJieTKH MOJIJIIOCKOb), 3TO CKOpee He eoSCTBeHHO KJieTKH, a HX OCTaTKH - OfleTbie 
MeMSpaHOH ynacTKH u,HTonjia3Mbi c orpamiHeinibiMM (Jiy n k h h o n aa b n bi m h 
nOTeHU,HHMH. 

OflHO BpeMa nepBbin nociyaaT KaeTOHHOH TeopHH noaBepraaca MHoroHHcaeHHBiM 
nanaaKaM h KpHTHKe. HeKOTOpbie aBTOpbi yKasbiBaan, hto b m i i o ro kh ctohi i bi x 
opraHH3Max, ocoSeHHO y acHBOTHBix, KpOMe KaeTOK cymecTByiOT h MeacKaeTOHHBie, 
npoMeacyroHHbie BemecTBa, KOTOpbie Toace, Ka3aaocb oSaaaaaH CBOHCTBaMH acHBoro. 
OflHaKO 6biao noKa3aHO, hto MeacKaeTOHHbie BemecTBa (ocHOBHoe BemecTBO h 
BoaoKHa coeflHHHTeabHoii t K ann) npeacaaBaaiOT co6oh He eaMOCTOHTeabii bie 
oSpaaoBanna, a npoayKTbi aKTHBHOCTH OTaeabiibix rpynn KaeTOK. 

^pyrne B03paaceHHa Kacaancb toto, hto nacTO y acHBOTHBix KpOMe OTaeabiibix 
KaeTOK BCTpenaiOTca TaK Ha3biBaeMbie CHMnaacTbi h chhu,hthh (coKaeTHa), a y 
pacTHTeabHbix KaeTOK - naa3MoaHH. IIo MOp(J)oaorHHecKOMy onncaHHio - sto 
KpynHbie u,HTonaa3MaTHHecKHe oopaaoBamia co MHoacecTBOM aaep, He pa3aeaemibie 
Ha OTaeabiibie KaeTOHHbie TeppHTOpHH. IIpHMepaMH TaKHx CHMnaacTOB MoryT 6biTb 
MbimeHHbie BoaoKHa ho3bohohhbix nan iniiaepMuc y aeHTOHHbix nepBeii, a TaKace 
naa3MOflHH y hh3hihx rpnSoB MHKCOMHu,eTOB. OaHaKO ecan npocaeaHTB 3a 
pa3BHTneM TaKHx «HeKaeTOHHbix» (})opM, to aerKO yoeaiiTbca b tom, hto ohh 
B03HHKai0T btophhho 3a chct canaHHa OTaeaBHBix KaeTOK nan ace b pe3yabTaTe 
aeaemia oannx aaep 6e3 paaaeaemia u,HTonaa3Mbi, T.e. 6e3 u,htotomhh. 

2. KaeTKa - eaHHan cncTeMa conpnaceHHbix (jiYHKUHOHaabHbix eaiiHim 
B nanaae Harnero roaoaceHHa b coraacHH c KaeTOHHOH Teopnen mbi oScyacaaan 
nepBbin ee nocTyaaT: KaeTKa - HaHMeHBHiaa eaHHHpa acHBoro. OaHaKO mbi 3HaeM o 
eaoacHOCTH CTpoemia stoh «eainnmbi», KOTOpaa coctoht, coaepacHT b ce6e 
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MHOaceCTBO THITOB BHyTpHKJieTOHHBIX CTpyKTyp, BbinOHHaiOlHMX pa3HOo6pa3Hbie 
4>yHKpHH. Ilpn 3TOM KaacablH KOMnOIICIIT «Cnei],HaJIH3HpOBaH» Ha BBinOJIHeHIie 
o^hoh coScTBeHHoii rpynnbi (j)yHKu,HH, h apyrne KOMnoHeHTBi He MoryT paSoTaTb 
«no coBMecTHTejiBCTBy», He MoryT npunaTb Ha ce6a ocHOBHbie (J)yHKHHH apyrnx 
BHyTpHKJieTOHHbIX CTpyKTyp. BaaCHO OTMeTHTb, HTO Kaacaaa H3 (J)yHKU,HH aBJiaeTCa 
o6a3aTeabHOH, 6e3 BbinojiHeHHa KOTOpoii KJieTKa He MoaceT cymecTBOBaTb. Bee bto b 
3HaHHTejibHOH CTeneHH HanoMHHaeT MHOTOKJieTOHHbiH opraHH3M, KOTOpbiH TaKace 
aBaaeTca oco6oh acHBOH chctcmoh, oSecneaHBaiomeH CBoe coScTBeHHoe 
cyuiecTBOBanHe h BOcnpoHiBeaemie. Bee Teno opraHH3Ma MO>KeT 6bitb 
noapa3aeaeHO Ha paa noacHCTeM hjih chctcm, oSecneaHBaiomHx OTnpaBaeHHe 
ueaoro paaa opraHH3MeHHbix (fiynKHini: nnuieBapHTeabiiaa, BbiaeaMTeabnaa, 

MbimeHHaa, HepBHaa, noaoBaa CHCTeMa h ap- H 3th (j)yHKu,HH BbinoaHaiOTca 
OT^eJIbHblMH HHH pa^OM OpTaHOB! KHHieHHHK, ROM KM, M03T H T.fl. H B flaHHOM 
npHMepe 3th CHCTeMbi b ochobhom MOHO(J)yHKu,HOHaabHbi h He3aMeHHMbi. B oSmen 
CHCTeMe opraHH3Ma KaK ueaoro, Bee ohh nrpaiOT raaBHbie, a He noaHinieunbie poan. 
}Kh3hb opraHH3Ma CTaHOBHTca HeB03M0acH0H npH BbiKaiowenuM aioSoH H3 3thx 
CHCTeM. 

OopMaabHO aioSyio KaeTKy MoacHO «pa3aoacHTb» Ha paa KaK 6bi He3aBHCHMbix 
CTpyKTypHbix h (J)yHKU,HOHaabHbix KOMnoHeHTOB, Bbinoanaiomux cboh 

cneu,H(J)HHecKHe (j)yHKu,ini. Tax, HanpHMep, ayKapHOTHaecKiie KaeTKH npHHaTO 
paaaeaaTb Ha aapa h u,HTonaa3My. B u,HTonaa3Me, b cbohd owepeab BbiaeaaiOT 
rnaaonaa3My nan ocHOBHyio naa3My KaeTKH (u,HT03oab - pacTBOpHMbin komhohcht 
u,HTonaa3Mbi no TepMHHoaorHH 6hoxhmhkob), a TaKace ueabiH paa CTpyKTyp - 
opraHeaa, Bbinoanaiomux cboii OTaeabHbie c n e h m cj) m h e c k m e (jjyHKijHH. 3 to 
MCMSpamibie opraHeaabi: oanoMeMSpannbie (BaKyoaapHaa CHCTeMa, BKaiouaiomaa b 
ce6a 3 n ao n a a3 Mar m h e c k m h peTHKyayM, annapaT ToabaacH, 3Hao- h 3K30u,HT03Hbie 
BaKyoan, aH30C0Mbi, nepoKCHCOMbi) h aByMeiviSpannbie (MHTOxoHapHii h naacTHabi). 
K HeMeMSpaHHbiM opraHeaaaM HyacHO othccth pnSocoMbi h CHCTeMy 
PHTOCKeaeTHbix (jmSpHaa. KpOMe toto Bca noBepxHOCTb KaeTKH noKpbiTa 
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Il,HT0nJia3MaTHHeCK0H MCMOpailOH, TeCHO (J)yHKU,HOHaJIBHO CBH3amiOH KaK c 
BaKyojiapHOH CHCTeMOH, c BJieMeHTaMH pHTOCKeneTa, TaK h c rHajioima3MOH. 

Ho Ka^K^aa H3 3 thx MOp(j)OJiorHHecKHx «OTflejiBHOCTeii» npeflCTaBJiaeT co6oh 
HOB yK) CHCTeMy HJIH nOflCHCTeMy (f)yHKH,HOHHpOBaffini. Tax KJieTOHHOe H^po 
^BJiMeTca CHCTeMOH xpaHeHH^i, BocnpoH3BefleHH>i h peajiH3au,HH reHeTHnecKOH 
HH(|)opMau,HH. rHajionjia3Ma - CHCTeMa ochobhoto npoMOxyTOHHoro oSMeHa; 
pH6ocoMbi - 3JieMeHTapHBie xjieTOHHbie ManiHHBi CHHTe3a 6ejixa; pHTocKejieT - 
onopHO-flBHraTejiBHaa CHCTeMa KJieTKa; BaKyojwpHaH CHCTeMa - CHCTeMa CHHTe3a h 
BH yTpHKJieTOHHoro TpaHcnopTa ochkoblix ononoanMepoB h reHe3nca mhothx 
KJ ieTOHHBix MeMSpaH; mhtoxoh/iphh - opraHejuibi 3Heproo6ecneHeHHii kjictkh 3a 
cneT CHHTe3a ATO, imacTnabi pacTHTejibHbix kjictok - CHCTeMa CHHTe3a ATO h 
(|)OTOCHHT e3a, njia3MaTHHecKaH MeM6paHa - 6apbepHO-peu,enTOpHO-TpaHcnopTHaa 
CHCTeMa KJieTKH. 

AHajiorH 3thx chctcm ecTb h y npoxapHOT: sto - njia3MaTHHecxaii MeMSpaHa, 

KOTopan KpOMe norpainiHiiOH pojiH yiacTByeT b npoueccax CHHTe3a ATO h 
(|)OTOCHHTe3a, H,HT030JIb, pH60C0MbI, H pa>Xe 3JieMeHTBI U,HTOCKeJieTa. 

Ba/Kiio noflHepKHyTb, hto Bee 3th nopcncTeMbi kjictkh o6pa3yiOT HeKoe 
conpiDxeHHoe epHHCTBO, HaxopHTCfl bo B3aHM03aBHCHM0CTH. Tax, HanpHMep, 
HapymeHHe (jiyHKu,HH appa cpa3y cxa3biBaeTCn Ha CHHTe3e KJieTOHHbix SejixoB, 
HapymeHHe paSoTbi mhtoxohpphh npexpaipaeT Bee ciniTeTHHecKne h ooMemibie 
npoueccbi b xjieTxe, pa3pymeHHe 33 e Men to b LprrocxejieTa npexpaipaeT 
BHyTpHKJieTOHHbiii TpaHcnopT h T.p. Kax b HacoBOM MexaHH3Me noBpe'/K3enne 
jik>6oh ero nacra npHBopHT x ocTaHOBxe Been CHCTeMbi b pejiOM. 

3. rOMOJIOrMqHOCTb KJieTOK 

TepMHH roMoaornmiocTb oanawaeT cxohctbo no xopeHHbiM CBOHCTBaM h otji nine 
no BTOpocTeneHHbiM. Tax, HanpHMep, pyxn nejiOBexa, xpbuio nTimbi, nepeprora Hora 
jiomapH roMoaonimibi, exopnbi He tojibko no many CTpoemui, ho h no CBoeMy 
npOHCXOJKpeHHK). nopoSHO 3TOMy M05KH0 TOBOpHTb, HTO pa3Hbie KJieTKH OpTaHH3MOB 
pacTHTenbHoro hjih hchbothoto npoHCxo/KpenHJi cxopiibi, roMoaornniibi. 
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3to o6o6meHne, caeaamioe eme T. UlBaHHOM, Haniao CBoe noaTBepacaeHHe h 
p33BHTHe B COBpeMeHHOH U,HTOJIOrHH, HCnOJlB3yK)meH HOBbie aOCTHaCCHHH TeXHHKH, 
TaKHe, KaK aaeKTpOHHbiH MHKpocKon. Y o m o a o hi hi i o c t b CTpoemia kjictok 
naSaioaaeTca BHyTpH Kaacaoro H3 TiinoB rjictok: n p o Ka p ii ot ii h e c ko m h 

ay KapHOTHHe ckom . Xopomo n3BecTHO pa3HOo6pa3He kjictok KaK oaKTepiiaabiibix, TaK 
h bbichihx opraHH3MOB. TaKoe oaHOBpeMeHHoe cxoacTBO CTpoeHHa h pa3HOo6pa3He 
(jiopM onpeaeaaiOTca tcm, hto KaeTomibie (J)yHKu,nn MoacHO rpy6o noapasaeaiiTb Ha 
flBe rpynnbi: o6a3aTeabHbie h cjiaKya bt aT h b n bie . OoHiaTeabiibie (J)yHKu,HH, 

HanpaBJieHHbie Ha noaaepacamie acH3Heenoeo6HOCTH cbohx kjictok, 
ocymecTBJiaiOTca cneu,HajibHbiMH b n y t p h k a ctoh n bi m h CTpyicrypaMH. 

TaK, y Bcex npoKapHOTHaecKHx khctok naasMaTHHecKaa MCMopana He tohbko 
orpaHHHHBaeT coocTBeimo miTonaasiviy, ho h (jiyHKu,HOHHpy eT KaK CTpyKTypa, 
ooec neH n Baio uiaa aKTHBHbiH TpaHcnopT BemecTB h khctohiibix npoayKTOB, KaK 
CHCTeMa OKHCJIHTeJIBHOrO (}) O C (j) O p H a II p O B a II II H , KaK HCTOHHHK o6pa30BaiIHH 
KaeTOHHbix oaKTepiiaabiibix ctchok. ,ZI,HK nyKaeonaa oaKTcpnii h CHHe3eaeHbix 
Boaopocaeii oSecneaHBaeT reHeTHaecKHe CBoiiCTBa KaeTOK h T.a. PhSocombi 
u,HTonaa3Mbi - eaHncTBcniibie annapaTbi CHHTe3a noaiinenTiiaiibix u,eneH , - Taxace 
o6a3aTeabHbiH komhohcht u,HTonaa3Mbi n p o Ka p m ot n h e c ko ii KaeTKH. Pa3HOo6pa3He 
ace npoKapHOTHaecKHx KaeTOK - 3 to pe3yabTaT upHcnocooaennocTii OTaeabiibix 
SaKTepHaabHbix oanoKaeTOHiibix opraHH3MOB k ycaoBHUM cpeabi oSuTaiiHa. 
npOKapHOTHaecKHe KaeTKH MoryT OTaHaaTbca apyr ot apyra tohihhhoh h 
yCTpOHCTBOM KaCTOHIIOH CTCHKH, ,CKaaaHaTOCTBIO II a 33 M TT II H 6 C KO ii MCMOpailbl, 
KOaHHeCTBOM H CTpyKTypOH mi TO n a a3 M TT II H 6 C K II X BblpOCTOB 3TOH MCMOpailbl, 

KOaHHeCTBOM H CBOHCTBaMH BHyTpHKaeTOHHBIX BaiCyOaeH H MCMOpanilblX CKOnaeHHH 
h ap. Ho «o6ihhh naaH» CTpoeHHa npoKapHOTHaecKHx KaeTOK ocTaeTca 
nOCTOUHHblM. 

Ta ace KapTHHa naSaioaaeTca h aaa 3y Ka p h ot h h e c k h x KaeTOK. npH H3yHenim 
KaeTOK pacTeHHH h acHBOTHbix SpocaeTca b raa3a pa3HTeabHoe cxoacTBO He ToabKO b 
MHKpocKonHaecKOM CTpoeHHH 3thx KaeTOK, ho h b aeTaaax CTpoeHHa hx OTaeabHbix 
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KOMnoHeHTOB. y 3yicapHOT TaK ace, KaK y npoKapHOT, kjictkh OTaeaenbi apyr ot flpyra 
hjih ot BHemHefi cpeflbi bkthbhoh n a as m bt ii h e c ko h MCMopanoii, KOTopaa mokct 
npHHHMaTB ynacTHe b BbmejieHHH BemecTB H3 kjictkh h nocTpoeHHH bhckjictohhbix 
CTpyKTyp, hto ocoSeimo BbipaaceHO y pacTeHHH. Y Bcex 3y KapiiOTiiiecKiix kjictok ot 
HH3HIHX rpHSOB £0 n03B0H0HHbIX BCCT^a HMeeTCa aflpO., npHHH,HnHaJIbHO cxo^Hoe 
no nOCTpOeHHK) y pa3HBIX OpraHH3MOB. CTpOeHHe H cf)yHKH,HH BHyTpHKJICTOHHblX 
CTpyKTyp Taxace b npHHu,Hne onpe,a,ejiaeTca tomojiothhhoctbio oouieKaeTOHiibix 
(J)yHKU,HH, CBH3aHHbIX C nOflflepacaHHCM CaMOH aCHBOH CHCTeMbI (CHHTC3 
HyKJieHHOBbIX KHCJIOT H OCHKOB, 6hO 3HCpTCTHKa KJICTKH H T.fl.). 

OflHOBpeMeHHO MbI BHflHM H pa3H006pa3HC KJICTOK Jia'/KC B npeflCJiaX OflHOTO 
MHoroKJieTOHHoro opraHH3Ma. . TaK, HanpHMep, no (J)opMe Majio noxo'/KH apyr Ha 
flpyra TaKne kjictkh, KaK Mbimemiaa hjih iiepBiiaa. CoBpeMeimaa u,htojiothii 
noKa3biBaeT, hto pa3JiHHne kjictok CBinaHO co cneu,HajiH3au,HeH hx (jiyHKu,HH, c 
pa3BHTneM oco 6 bix (jiyHKH,HOHajibHbix KJieTOHHbix annapaTOB. Tax, ecjin 
paccMaTpHBaTb Mbimeiiiyio KJieTKy, to b Hen KpOMe 06 lhckhctoh n bix CTpyKTyp 
(MeMSpaHHbie chctcmbi peTHxyjiyMa, annapaT Tojib^acH, pnSocoMbi h ^p.) 
BCTpenaiOTCH b Sojibhiom kojihhcctbc (jmSpHJiJiKpHbie komhohchtbi, 
o 6 ec neH h bbio lhiic cnemiaabnyio (J)yHKu,HOHajibHyio Harpy3icy, xapaKTepnyio ana 
3TOH KJieTKH. 

B HepBHOH KJieTKe KpOMe oSmeKJieTOHHbIX KOMnoHeHTOB MOaCHO OTMeTHTb 
cnemicjaiiecKTie nepTbi: HajiHHne .ztihiiiibix h pa3BeTBJieHHbix KJieTOHHbix otpoctkob, 
OKaHHHBaiOHiHxca cneu,HajibHbiMH c t py KTy p a m ii n e penai ii HepBHoro HMnyjibca; 
CBoeo6pa3Hyio komho3hu,hio b u,HTonjia3Me H3 ijicmciitob 3 n h o n a as m bt nice ko ii ccth 
(THTpOHfl), SoJIbHIOe KOJHIHCCTBO MHKpOTpySOHCK B KHCTOHIIblX OTpOCTKaX. Bca 
COBOKynHOCTb 3THX OTJIHHHTCJIbHblX HepT HepBHOH KJICTKH CBa3BHB C ee 
cnemiajHiiamieii - nepeaaHcii HepBHoro HMnyjibca. Ojuibko h m ii k p ot py 6 o l i k h h 
MHKpO(J)HaaMeHTbI MO'/KIIO o6Hapy>KHTb npaKTHHeCKH B JHOOblX 3yKBpHOTHHeCKHX 
KaeTKax, xoth ohh 6yayT h He Tax ooiiabiibi. HanpHMep, cfariaMCiiTbi, cxoanbie no 
XHMH3My C BKTHHOBblMH (j ) M 6 p II JLI a M II MblHICHHblX KJICTOK, HMdOTCa B H,HTOnJia3MC 
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(J)H6po6jiacTOB. B Heii >Ke o6napy>KHBaiOTCH h m h K poTpy 6 oh k m . Cne^OBaTejiBHO, h 
MHK pocJ)HJiaMeHTBi h MHKpOTpySoHKH npeflCTaBJimoT co6oh oSioaTejibHbie 
oSmeKJieTOHHtie CTpyKTypbi. Ce iliac n3BecTHO, hto MHKpocjiHJiaMeHTbi kjictok 
npeflCTaBJieHbi aKTHHOM, hto yKa3BiBaeT Ha hx o6meKJieTOHHoe 3HaneHHe - 
oSecneHHBaTB noHBH’ATiocTb kjictok. B MbimeHHbix KJieTKax 3Ta cJiyiiKLuiH CTajia 
raaBHOH, noTTOMy Tax CHJibHO b hhx Bbipa>Ken coKpaTHTejibHbiH annapaT. 

CTpyKTypHoe pa3HOo6pa3He kjictok mhotokjictohhoto opraHH3Ma mo>kho 
oSbHCHHTb OTJIHHHeM HX CneU,HaJIbHbIX (J)yHKU,HH, OCymeCTBJHHOIHHXCH Han noil 
KJieTKoii KaK 6bi Ha (f)OHe o6ihhx, o6a3aTejibHbix kjictohhbix <j)yHKu,HH. 

ApyTHMH CJIOBaMH, TOMOJIOTHHHOCTb B CTpOCHHH KJICTOK OnpCHCHHCTCH CXOflCTBOM 
oSmeKJieTOHHbix (jiyHKii,HH, HanpaBJieHHbix Ha nojuiep'/KanHC >kh3hh caMHx kjictok h 
H a HX pa3MH05KCHHe. Pa3H006pa3He 5KC B CTpOeHHH KJieTOK mhotokjictohhbix - 
pe3yjibTaT (J)yHKu,HOHajibHoii cneu,HajiH3au,HH. 

4. KjieTKa ot kjictkm 

(PopMyjiHpOBKa noao/KcmiJi «Bcjncaji KJieTKa ot kjictkh» ( Omnis cellula e cellula ) 
CBH3aHa c HMeHeM 3HaMeHHToro yneHoro P. BnpxoBa. T. IIlBaHH b cbohx 
o6o6meHHnx no,HHepKHBaji o^HHaKOBOCTb npHHu,Hna pa3BHTHn kjictok KaK y 
5KHBOTHBIX, TaK H y paCTCHHH. 3t0 npeflCTaBJICHHC 6a3HpOBaJIOCb Ha BbIBOflaX 
nijieiifleHa o tom, hto kjictkh MoryT o6pa30BbiBaTbcn H3 3epHHCToii Maccbi b He^pax 
KJieTOK 3aHOBO (TeOpHH U,HT 06 jiaCTeMbl). P BnpXOB KaK npOTHBHHK H^eH o 
CaM03ap05K^eHHH 5KH3HH HaCTaHBan Ha «npeeMCTBCHHOM pa3MH05KCHHH KJieTOK)). 
CeroflHH c cj) o p m y;ni p o b a n n o e P Bhpxobbim acJiopucTHHCCKoe onpcHCHenne mo>kho 
CHHTaTb SHOJIOTHHeCKHM 3aKOHOM. Pa3MHOiKeHHe KJieTOK npOKapHOTHHeCKHX H 
3yKapHOTHHeCKHX npOHCXO^HT TOJIbKO nyTeM /jeJieHHH HCXOflHOH KJieTKH, 
KOTopoMy npe^mecTByeT BocnpoH3Be,aeHHe ee reHeTHHecKoro MaTepHajia 
(pe^ynjiHKauHH /JHK). 

y 3yKapHOTHHeCKHX KJieTOK eflHHCTBCHHO nOJIHOU,eHHbIM CnOCOSOM fleJieHHH 
HBJIHeTCH MHT03 (HJIH MCH03 npH 06pa30BaHHH nOJIOBbIX KJICTOK). IIpH 3TOM 
oopaayeTCH cneiiHajibHbiH annapaT kjictohhoto neJicniDi - kjictohhoc BepeTeHO, c 
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nOMOUIblO KOTOpOrO paBHOMepHO H TOHIIO no flByM nOHepiIHM KJieTKaM 
pacnpe^enniOTcn xpOMOCOMBi, %o ttoto yuBOHBinnecn b nncne. 3tot ran ^eneHnn 
HaSmoflaeran y Bcex ayxapnoranecxnx, xax pacraTejiBHBix, Tax n jkhbothbix Knerax. 

npOKapnoranecKHe xneTxn, nenfluniecn Tax Ha3BiBaeMMM SnnapnbiM o6pa30M, 
Taxnce ncnojib3yK)T cneu,najibHbin annapaT paaneneinoi xnerax, snaHHTenbno 
HanoMHHaKDniHH mutothhccr'iih cnoco6 nenennii ByxapnoT (cm. mnxe). 

CoBpeMennafl Hayxa OTBepraeT HHbie nyra oopaaoBaiiHH xnerax n yBennneHne nx 
HHCJia. IIonBHBninecn o^ho BpeMn onncamin o6pa30Bamni xnerax H3 «HeKneTonHoro 
•/XHBoro BemecTBa» OKa3anncb b nynnieM cnynae pe3ynbTaraM mct on h h e c k h x 
nenocTaTKOB nnn na>xe omn6oK, a b xynmeM - nnonoM naynnon 
HeflOSpOCOBeCTHOCTH. 

OflHO BpeMn cnnTann, hto xneTxn MoryT pa3MHoncaTbcn npnMbiM nenenneM, 
nyTeM Tax Ha3biBaeMoro aMHT03a. OflHaxo npnMoe pa 3 £eneHne xneranHoro n^pa, a 
3aTeM n u,HTonna3Mbi, naSnionaerafl ranbxo y Hexorapbix HH(J)y30pHH. Ilpn ttom 
aMHTOTnnecxn nenuTca Tonbxo MaxpOHyxneyc, b to BpeMn xaK reHepaTHBHbie 
MHxpOHyxneycbi nenHTCH MCKniOHUTenbiio nyTeM Mnra3a, Bcnen 3a KorapbiM 
HacTynaeT pa3nenemie KneTxn - niiTOTOMmi. Hacra noHBnenne nBy- nnn 
Miioroanepiibix KneTOx Taxnce cnnTann pe3ynbTaTOM aMHTOTnnecxoro nenenrai anep. 
OflHaxo noHBnenne Mnoroanepiibix xneTOx nBnneran nnn pe3ynbTaTOM cnnnH nn npyr 
c npyroM Hecxonbxnx Knerax (rnraHTCxne MiioroMnepiibie xneTxn Ten Bocnanemia, 
ocTeoxnacTbi n np.) nnn pe3ynbTaraM napyuienuji caMoro nponecca uhtotomhh (cm. 
HH>xe) . 

5. KneTKH h MHoroKJieToqHbiH opraHH3M 

Ponb OTnenbiibix xneTOx bo MHoroxneranHOM opraHH3Me nonBepranacb 
HeoAHOxparaoMy oScync^eHnio n xpnraxe n npeTepnena HanSonbinne H3MeHeHnn. T. 
IIlBaHH npencTaBnnn ce6e MHororpaHHyK) neHTenbiiocTb opraHH3Ma xax cyMMy 
•/XH3iieneHTenbnocTii OTnenbiibix xnerax. 3to npencTaBnenne 6bino b CBoe BpeMn 
npnHnra n pacmnpeHO P. BnpxoBbiM n nonynnno Ha3BaHne Teopnn «KneranHoro 
rocynapcTBa». BnpxoB nncan: «...Bcnxoe Teno, c Kon b ko -hit oyn b 3HannTenbHoro 
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oSbeMa, npeacTaBJiaeT ycTpoficTBO, noaoSHoe oSmecTBemiOMy, rae MHoacecTBO 
OTaeuBHBix cymecTBOBaHHH nocTaBJieHO b 3aBncHMOCTB apyr ot apyra, ho Tax, 
oanaxo ace, hto Kaacaoe H3 hhx HMeeT cbokd coocTBennyio aeaTeabiiocTb, h ecjiH 
no6y'/Kaeniie k stoh aeaTeabiiocTM oho h noaynaeT ot apyrnx HacTeii, 3aTO caMOio 
pa6oiy cbok) oho coBepmaeT coScTBeHHbiMH CHJiaMH» (BnpxoB, 1859 ). 

^eiiCTBHTejibHO, Kaxyio 6m CTOpOHy neaTeabiiocTii peaoro opraHH3Ma mm hh 
Spann, oyab to peaKmia Ha paaapa/Kemie hjih aBHacemie, HMMyHHbie peaKipiH, 
Bbineaenne h MHoroe apyroe, Kaacaaa H3 hhx ocymecTBJiaeTca 
cneu,HajiH3HpOBaHHMMH KJieTKaMH. KjieTKa - sto eniimma (JiyiiKmiomipoBainni b 
MHOTOKJieTOHHOM OpTaHH3Me. Ho KJieTKH oSbeAHHCHbl B (J)yHKU,HOHaJIbHbie CHCTeMbI, 
B TKBHH H OpTaHbl, KOTOpbie IiaXOnaTCfl BO B3aHMHOH CBH3II ApyT C ApyTOM. Il03T0My 
HeT CMbICJia B CJI05KHBIX OpTaHH3MaX HCKHTb TJiaBHbie OpTaHbl HJIH TJiaBHbie KJieTKH. 
MHOTOKJieTOHHbie opraHH3Mbi npeacTaBJiaiOT co6oh caoacHbie ancaMoan khctok, 
oSbeaHHeHHbie b peaocTHbie HHTerpHpOBaHHbie chctcmbi TKaHeii h opraHOB, 
noaHHHeHHbie h CBioaHHbie MeacKaeTOHHMMH, ryMOpajibHMMH h HepBHbiMH 
(jiopMaMH peryaau,HH. Bot noneMy mbi TOBOpHM 06 opraHH3Me KaK o peaoM. 
Cneu,HaaH3au,Ha nacTeii MHoroKaeTOHHoro eaHHoro opraHH3Ma, pacHaeHemiocTb ero 
(J)yHKu,HH aaiOT eMy Soabuine bo3mo>khocth npucnocoSaeniia aaa pasMiiO/Kemia 
oTaeabiibix iinaiiBHayyMOB, aaa coxpanemia Bnaa. 

B KOHeHHOM HTOre MO/KIIO CKa3aTb, HTO KJieTKa B M 1 1 0 TO KHCTOH 1 1 0 M OpraHH3Me - 
3TO eaHHHU,a (jiyHKU,HOHHpOBaHHa H pa3BHTHH. KpOMe TOTO, nepBOOCHOBOH Bcex 
HOpMaabHbix h naTOJiorHHecKHx peaKu,HH ueaocTnoro opraHH3Ma HBaaeTca KjieTKa. 
^eiiCTBHTeabHO, Bee MHoroHHcaeHHbie CBoiiCTBa h (J)yHKu,HH opraHH3Ma 
BbinoanaiOTca KaeTKaMH. Kora a b opraHH3M nonaaaiOT nyacepoaHbie Sea km, 
HanpHMep oaKTepiiaabiibie, to paiBHBaeTca n m M y i i oh o r h h e c Kaa pear him. IIpH stom 
b KpOBH noaBHHiOTCH 6eaKH-aHTHTeaa, KOTOpbie CBaiMBaiOTca c nyacHMH oeaKaMii h 
HX HHaKTHBHpyiOT. 3 tH aHTHTeaa - npOayKTM CHHTeTHHeCKOH aKTHBHOCTH 
onpeaeaeHHbix KaeTOK, naa3Mau,HTOB. Ho, hto6bi naa3Mau,HTM iianaan BMpaSaTMBaTb 
cneu,H(J)HHecKHe aHTHTeaa, HeoSxoaHMa paSoTa h B3aHMoaeiiCTBHe peaoro paaa 
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cneu,HajiH3HpOBaHHBix KJieTOK-jiHM(j)oi],nTOB h MaKpocjiaroB. /Qpyroii npHMep, 
npocTeiimHH pecjiaeKC - caiOHOOT,neaeHHe b otbct Ha npe,nbaBaeHHe minin. 3^ecb 
npoaBaaeTca ohciib caoacHaa penb KJieTOHHbix (J)yHKu,HH: 3pHTeabHbie anaansaTopbi 
(kjictkh) nepe^aiOT cnrHaji b Kopy rojiOBHoro M03ra, me aKTHBHpyeTca peabiii pa,n 
KJieTOK, nepe^aK)HiHx cnrHajibi Ha HeiipOHbi, KOTOpbie nocbiaaiOT cnrHajibi k pa3HbiM 
KJieTKaM cjikdhhoh aceae3bi, me oann BbipaSaTbreaiOT ochkoblim ceKper, apynie 
BblfleJIMKDT CJIH3HCTBIH CCKpeT, TpeTbH, MbIHieHHbie, COKpamaaCb, BblflaBJlHBaiOT 
cexpeT b npoTOKH, a 3aTeM b nojiocTb pTa. TaKHe u,enn nocaeflOBaTeabHbix 
(|)yHKu,HOHajibHbix aKTOB OT^ejibHbix rpynn kjictok mo>kho npocaeflHTb Ha 
MHO>KecTBe npHMepOB (J)yHKu,HOHajibHbix OTnpaBJieHHH opraHH3Ma. 

}Kh3hb HOBoro opraHH3Ma HaaHHaeTca c 3HroTbi - kjictkh, nojiyHHBHieHCn b 
pe3yjibTaTe cjihuhhh jkchckoh noaoBoil kjictkh (oou,HTa) co cnepMHeM. IIpH ^cjichhh 
3HTOTBI B03HHKaeT KJICTOHHOC nOTOMCTBO, KOTOpOC TBK>Ke flCJIHTCM, yBCJIHHHBaeTCII B 
HHCJie h npHoSpeTaeT HOBbie CBOHCTBa, cneii,HaaH3HpyeTca, ^H(|)(J)epeHH,HpyeTca. 
Poct opraHH3Ma, yBCHMHeinie ero Maccbi ecTb pe3yjibTaT pajMno/Kcnuji kjictok h 
pe3yjibTaT BBipaooTKii hmh pa3HOo6pa3Hbix npoayKTOB (HanpHMep, BemecTBa kocth 
hjih xpama). 

H HaKOHeu,, hmchho nopaaceHHe kjictok hjih h3mchchhc hx cbohctb aBaaeTca 
ochoboh fljia pa3BHTHn Bcex 6e3 HCKJHOHeHHa 3a6ojieBaHHH. JtaHHoe noaoaceHHe 
6biJio BnepBbie c (J) o p m ya h p o b a h o P. BiipxoBbiM (1858) b ero 3HaMeHHToii khhtc 
«KjieTO L inaH naTOJiorHa». KaaccHaecKHM npHMepOM khctohiiom o 6y c a o b a e ii ii o c t h 
pa3BHTHa 6oae3HH MoaceT cayacHTb caxapHbiii ^naSeT, ninpoKO pacnpocTpaHeHHoe 
3a6oaeBaHHe cobpcmchhocth. Ero npHHHHa - HeflOCTaTOHHOCTb (J)yHKu,HOHHpOBaHHa 
annib oanoii rpynnbi ktctok, Tax Ha3biBaeMbix B -kjictok octpobkob JlaHrepraHca b 
noa>KeayaoHnoii aceae3e. 3th khctkh BbipaoaTbiBaiOT ropMOH HHcyaHH, 
yaacTByiOHiHH b peryaau,HH caxapHoro ooivieiia opraHH3Ma. 

Bee 3th npHMepbi noKa3biBaiOT BaacHOCTb H3yaeHHa CTpyKTypbi, cbohctb h 
(jiyHKu,HH xaeTOK aaa caMbix pa3aHHHbix OHoaoniHCCKiix aHcminami h aaa 
MeflHU,HHbI. 
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6. TOTIiflO reHTHOCTb KJieTOK 

KaK >Ke B03HHKaK)T pa3HOo6pa3Hbie Timbi kjictok b MHoroKjieTOHHbix opraHH3Max? 
H3BecTHO, hto opraHH3M nenoBeKa, pa3BHBHiHHCn Bcero m o^hoh hcxo^hoh kjictkh, 
3HroTbi, co^ep'/KHT 6onee 200 pasanmibix tmiiob rjictok. KaKHM o6pa30M B03HHKaeT 
3to pa3HOo6pa3He, cero^Ha KOHpa He hcho, Tax xax eme Mano KOHKpeTHbix 
namibix, KacaiOLinixcH nyTeS noHBaemiJi Tex hjih hhbix KJieTOHHbix tmiiob. 

CoBpeMeHHaa Shojiothh Ha 6a3e npeflCTaBJieHHH 3m6phojiothh, MOJieicyjnipHOH 
Ohojiothh h reHeTHKH cniiTaeT, hto iniHUBHayaabnoe pa3BHTHe ot o^hoh KJieTKH no 
MHoroKJieTOHHoro 3penoro opraHH3Ma - pe3yjibTaT n o cji eno BaTe jt b n o ro , 
H36HpaTejibHoro BKaiOHemui paSoTbi pa3Hbix reHHbix ynacTKOB xpomocom b 
pa3JIHHHbIX KJieTKaX. 3 t 0 npHBOflHT K nOflBJieHHK) KJieTOK CO C n e H H (|) H L 1 e C K H M M flJia 
HHX CTpyKTypaMH H OCOObllYIM (JiyilKHUJIMH, T.e. K npOHCCCy, Ha3bIBaeMOMy 
flH(j)(|)epeHIXHpOBKOH. 

JX h ( j) cj) e p e n u h p o b k a - sto pe3yjibTaT roSHpaTejibHoii aKTHBHO cth pa3Hbix tchob b 
KJieTKax no Mepe pa3BiiTiui m n o ro k a cto h n o ro opraHH3Ma. ,Z]pyrHMH cjiOBaMH, 
AH(J)(J)epeHu,HpOBKa - sto pe3yjibTaT nucjnjiepeimHajibHOH bkthb hoc th tchob. 
CjieflOBaTejibHO, mo>kho yTBepncnaTb, hto aiooaa KJieTKa MHoroKJieTOHHoro 
opraHH3Ma oSjianaeT oannaKOBbiM nojiHbiM cjionnoivi reHeTHHecKoro MaTepnajia, 
BceMH B03M0>KHbiMH noTeHu,HHMH fljia npoaBJieHHii 3TOTO MaTepnajia, T.e. Bee - HJIH 
TOTHnoTeHTHa, ho b pa3Hbix KJieTKax on mm h Te >Ke reHbi MoryT naxonHTbCfl hjih b 
aKTHBHOM HJIH B penpeCCHpOBaHHOM COCTOUHHH. 3 tH npeflCTaBJieHHH 6a3HpyiOTCH Ha 
SojibiHOM 3KcnepHMeHTajibHOM MaTepnajie. CTajio bo3mo5khbim BbipacTHTb 3pejioe 
pacTeHne H3 onnoii ero c o m aT h h e c ko ii khctkii. MHoroHHCJieHHbie onbiTbi Ha 
jiaryniKax noKa3ajin, hto anpa a h (}) c|) e p e n mi p o b a n n b i x kjictok coxpaiunoT Bee Te 
noTeHu,HH, KOTOpbie ecTb y napa b 3HTOTe. 

Bbijio Han^eHO, hto ecjin nocjie onjioflOTBOpeHHH nHu,eKJieTKH jiaryniKH y 
B03HHKHieii 3HTOTBI MHKpoxHpyprHHecKH ynajiHTb Hflpo, a Ha MeCTO ero 
HMnJiaHTHpOBaTb Hjipo H3 ApyrOH 3HTOTBI, TO np0H30HfleT nOJIHOe pa3BHTHe 
HOpMajibHoii jiaryniKH. Ecjih >Ke b stom ikxnepuMenTe anpo 3 htotbi 3aMeHHTb Ha 
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fl,Hpo H3 cnen,najiH3HpOBaHHOH (^H(J)(|)epeHi],HpOBaHHOH) kjictkh B3pocnoro 
5KHBOTHOTO, TO pa3BIITHe 3M6pHOHa npOHfleT HOpMaJIBHBIM nyTeM, BIIJIOTB ao 
noaBnemra B3pocjioii JiaryniKH (pnc. 5). 

AiiaaonimibiM nyTeM mo>kho b 6e3banepnyio 3nroTy m a e ko n h t a i o urn x bbccth 
flflpO 113 TKaHH B3pOCJIOTO 5KHBOTHOTO H nOJiyHHTb KJIOHHpOBaHHyiO 0 C 06 b, 
HMeroniyK) HflemriHHyio reHeTHnecKyio HHcjiopMaimio c ^khbothbim-^ohopom. TaK 
6biJia nojiyneHa (KJiOHHpOBaHa) OBenKa ,H,ojijih. 

H3 3TOTO BBITeKaeT, HTO KJieTKH MHOTOKJieTOHHblX OpTaHH3MOB oSjiaflaiOT nOJIHbIM 
HaSopOM reHeTnnecKon iiHcjjopMapnii, cbohctbchhoh ^Jia ^aHHoro opraHH3Ma, b 
3TOM OTHOmeHHH OHH paBH03HaHHbI. Ho OflHOBpeMeHHO KJieTKH OTJIHHaiOT CH nO 
oSteMy npoaBJieinia 3toh iiH(j)opMan,HH, hto ii cosnaeT bosmojkhoctb noHBaennH 
cneu,nann3HpOBaHHBix kjictok. O/maKO 3th npeacTaBaenuji He Moryr 6bitb npHHUTbi 
nojiHOCTbio, Tax KaK HMeiOTCn HCKJHoneHHa, noKa3BiBaiomHe, hto npn 
^H(})(|)epeHu,HpoBKe npoHcxo^HT KOJiHHecTBeHHoe H3MeHeHiie reHeTHHecKoro 
MaTepnajia. TaK, npn apoSaemni aim acKapH^bi kjictkh, aaiounie Hanajio 
COMaTHHeCKHM TKailHM, TCpaiOT HaCTB XpOMOCOMHOTO MaTepHaJia (aUMHIiyUHa). 
Cxo^hbih npouecc oraicaH y HaceKOMbix-rajuiHH. B stom cjiynae npn o6oco6neHHii 
coMaTHnecKHx aaep nponcxo^HT HiaHHTeabnaa peayKHna XpOMOCOMHOTO MaTepnajia. 
npH 3TOM KJieTKH nOJIOBbIX 3a L iaTKOB COflepacaT 40 XpOMOCOM, a COMaTHHeCKHe - 
Bcero 8. CnenyeT noMHHTb, hto TaKHe pa3JiHHHa 6buiH o6napy>Kenbi tojibko Meamy 
nOJIOBbIMH H COMaTHHeCKHMH KJieTKaMH; pa3J!HHHH B XpOMOCOMHbIX HaSopaX MC'/Kay 
pa3HbiMH COMaTHHeCKHMH KJieTKaMH He oSHapyaceHO. O^HaKO b nocne^Hee BpeMa 
noHBHJiHCb namibie o tom, hto njia3Mau,HTbi, b pe3ynbTaTe cneu,H(|)HHecKOH 
^H(})c[)epeHu,HpOBKH npn HMMyHHOM OTBeTe npeTepneBaiOT MOJieKynapHbie 
nepecTpoiiKH b oSjiacTH reHOB, OTBeTCTBeHHbix 3a cmiitcb aHTHTeji, h tcm caMbiM 
reHeTHnecKH OTJiHnaiOTca ot ocTajibHbix kjictok. 

OSllhim ace 3aKOHOM ^Jia MHoroKJieTOHHbix pacTHTejibHbix h /Kubotiibix 
opraHH3MOB aBJiaeTca to, hto necMOTpa Ha CTpyKrypHbie h (J)yHKu,HOHanbHbie 
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pa3JiHHmi KJieTOK aamioro opraHH3Ma b reneTHwecxoM OTHOineHHH omi oanopoaiibi, 
TOJKfleCTBeHHBI H TOTIinOTeilTIIbl. 

IloflBOfla HTor paccMOTpeHHio coBpeMeHHoro cocToaHHa xaeTOHHOH TeopHH, 
HyacHO CKa3aTb, hto HMeHHO KJieTKa HBaaeTca eaummeH pa3Bimia m i i o ro xaeTO hi i bi x , 
eawnmeH hx CTpoenna, eauiiMHeM c|) y n k u n o n m p o b a n m a h eaum-men naToaorHHecxHx 
H3MeHeHHH opraHH3Ma. 

Toro, htoobi nonaTb He tojibko anawenHe CTpyKTypHbix ocooennocTeH xaeTXH, 
ho h, raaBHoe, pa3o6paTbca b (})yHXH,HOHaabHbix OTnpaBaeHHax ee OTaeabHbix 
KOMnOHeHTOB H BCeH KJieTKH B U,eJIOM, HT 06 bI COHCTaTb H3yHenne MOp(J)OJIOrHH 
KJieTKH C raaBHeHHIHMH SHOXHMHHeCKHMH H reHCTHHeCKHMH OCOSeHHOCTaMH ee 
ycTpoiiCTBa h paSoTbi, hto6bi royaaTb KJieTKy hmchho c no3Hu,HH coBpeMeHHOH 
KJieTOHHOH OHOHOriHL IieOOXOaHMO XOTfl 6bl BKpaTU,e BCnOMHHTb OCHOBHbie 
m oaexyaapHO - 6h oaor n h e c k m e 3aKOHOMepHOCTH, euie pa3 KpaTKO oSpaTHTbca k 
coaepacaHHio peHTpajibHOH aombi MoaexyaapHOH SnoaorHH (cm. raaBa 3 ). 

Eiaea 2. MeToabi KJieTOHHOH 6HoaorHH 

U,HTOJIOrHa B03HHKJia KaK BeTBb MHKpOaHaTOMHH, H n03T0My OflHHM H3 OCHOBHbIX 
MeTOflOB, KOTOpblH HCnOJIb3yK)T U,HTOJIOrH, - 3TO MCTOfl CBCTOBOH MHKpOCKOnHH. B 
Hacimmee BpeMa stot MeToa Harneji peabiii paa aonoaHeHHH h MoancfjHxapHH, hto 
3HaHHTejibHO pacniHpHJio Kpyr 3aaan h BonpocoB, pemaeMbix pHToaorneH. 
PeBOJIK)U,HOHHbIM MOMCHTOM B pa3BHTHH COBpeMeHHOH U,HTOJIOTHH H 6hOJIOTHH 
BOoSipe 6bijio npHMeHeHHe aaexTpOHHOH MHKpocKonHH, OTxpbiBineH HeoSbinaHHO 
ninpoKHe nepcneKTHBbi. C BBeaemieM saexTpOHHOH MHKpocKonHH b paae caynaeB 
yace TpyaHO npoBecTH rpaHHpy Meacay coSctbchho pHToaorneH h Shoxhmhch, ohh 
oSbepHiiaiOTca Ha ypOBHe m a k p o m oh exyaapHO ro HBywenna oSbcktob (HanpHMep, 
MHKpOTpySoneK, MCMopan, m h k p o cj) h a a m e ii t o b h t.h.). Bee ace raaBHbiM 
MeTopHnecKHM npHeMOM b u,htojiothh ocTaeTca BH3yaabHoe HaSaiopeHHe oSbexTa. 
npH 3tom HCCJiepoBaTeab He npocTO roynaeT h onncbiBaeT MOp(J)oaorHK) oSbexTa, oh 
MoaceT bmhstb CTeneHb ero ejioacHOCTH, a o Ka a h 3 o b aT b OTaeabiibie aeTaan, noayHHTb 
CBeaeHHa o xhmh3mc toh nan hhoh aacTH xaeTXH, BH3yaabHO h aocTaTOHHO tohho 
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OU,eHHTb ee MCTaSoJIHHCCKHC CBOHCTBa, BblflCHIlTb CTpOeHHe 3TOH HaCTH Ha 
MaKpOMOJieKyjiapHOM ypOBHe. 3 to C03jiaeT CBoeo6pa3He piiTOJiorim Kaic HayKH, 
ncnojiB3yiOHieH raaBHBiM o6pa30M m ct on bi inyHcnna kjictkh nenocpencTBcnno 
raa30M, BOopy'/KemibiM y b e jihhh b aioipH m h ohthhcckhmh CHCTeMaMH. KpOMe Toro, b 
UHT oaoniH npiiMeiiHiOTca MnoroHHcaeinibie npneMbi npenapaTHBHOH h 
aHaJIHTHHeCKOH ShOXHMHH, MeTOflbl 6 hO(J)H3HKH. 

CBeTOBaH MHKpOCKOnHH 

Cbctoboh MHKpocKon, raaBHbiH npn6op Shojiothh, npencTaBjnieT co6oh 
onTHHecKyro CHCTeMy, cocToauiyio H3 KOiinencaTopa, oSbCKTHBa. IlyHOK CBeTa ot 
HCTOHHHK a ocBememni coSHpaeTca b KOH^eHcaTOpe h HanpaBJiaeTca Ha oSbeKT (pnc. 
6). npOH^a nepe3 oSbeKT, Jiynn CBeTa nonanaiOT b CHCTeMy jiiih 3 oSbeKTHBa; ohii 
CT poaT nepBHHHoe inoopa/Kemie, KOTOpoe y Ben h h h btctch c noiviombio jthh 3 
OKyjiapa. EnaBiiafl ormiwecKaa hbctb MHKpocKona, onpeaeaaiouiaa ero ocHOBHbie 
B03M05KH0CTH, - oSbCKTHB. B COBpeMCHHblX MHKpOCKOnaX oSbCKTHBbl CMCHHbie, HTO 
no3B03HeT H3ynaTb kjictkh npn pa3Hbix yBCjniHenMax. DiaBHOH xapaKTepHCTHKOH 
MHKpocKona KaK onTHnecKOH CHCTeMbi aBJiaeTca pa3pemaiomaa chocoShoctb. 
Hsoopa/Keinia, naBaeivibie oGtckthbom, mo'/Kiio yBejiHHHTb bo mhoto pa3, npiiMenaa 
CHJibHbiH OKyjiap hjih, HanpHMep, nyTeM npoeKHini Ha 3KpaH (no 10 5 pa3). 
BbiHHCJieHO, hto pa3pemaiomaa chocoShoctb oSbeKTHBa, T.e. MHHHManbHoe 
paCCTOHHHe MC/Kay HByiVIH TOHKaMH, KOTOpbie BHflHbl paSHCHBIIO, 6yHCT paBHO 


X 

d = 0,61 

n sin a 

rne X - fljiHHa bojihbi CBeTa, Hcnojib3yeMoro ^jih ocBememni oSbeKTa; n - 
K03(ji(J)Hu,HeHT npenoMJieinni cpe^bi; a - yron MC/Kny ormmecKOM ocbio oSbCKTMBa h 
H anSojiee otkjiohhioihhmcii jiynoM, nonanaiomiiM b oSbckthb. Pa3peuieHHe 
MHKpOCKOna 3aBHCHT OT flJIHHbl BOJIHbl - HCM OHa MCHbHie, TCM MCHblHCTO pa3Mepa 
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^eTajiB mbi M0/K6M yBHfleTB, h ot 1 1 y m e p m h e c ko h anepTypBi oOBeKTima (n sin a) - 
neM OHa BBime, TeM BBime pa3pemeHne. 06bihho b cbctobbix MHKpocKonax 
ncnojiB3yK)Tca hctohhhkh ocBememni b bh^hmoh oSnacra cneKTpa (400-700 hm), 
no3TOMy MaKCHManBHoe pa3pemeHne MHKpocKona b stom cjiynae MO>KeT 6bitb He 
BBime 200-350 hm (0,2-0,35 mkm). Ecjih HcnojiB30BaTB yjiBTpa(|>HOJieTOBBiH cbct 
(260-280 hm), to mo>kho hobbichtb pa3pemeHHe ro 130-140 hm (0,13-0,14 mkm). 3to 
oyaeT npenejiOM TeopeTHnecKoro paspemenmi CBeTOBoro MHKpocKona, 
onpenejiaeMoro bojihoboh npuponoii CBeTa. TaKHM o6pa30M, Bee, hto MO>KeT naTB 
CBeTOBOH MHKpocKon KaK BcnoMoraTejiBHBiH npH6op k HameMy rjia3y, - sto 
noBBiCHTB pa3pemaiomyK) chocoShoctb ero npHMepHO b 1000 pa3 (HeBOOpy>KeHHBiH 
rna3 nenoBeKa HMeeT pa3pemaiomyK) chocoShoctb okojio 0,1 mm, hto paBHO 100 
mkm). 3to h ecTB «nojie3Hoe» yBejiHHeHHe MHKpocKona, BBime KOTOporo mbi 6yneM 
TOJIBKO yBeJIHHHBaTB KOHTypBI HIOOpa/KeilHH, He OTKpBIBaa B HeM HOBBIX neTaaeil. 
Cne^OBaTejiBHO, npn HcnojiB30BaHHH bh^hmoh oSnacTH CBeTa 0,2-0, 3 mkm nBJiaeTCn 
KOHenHBiM npeaenoM paipememm CBeTOBoro MHKpocKona. 

HO BCe 5Ke B CBCTOBOM MHKpOCKOne MO>KHO BHfleTB HaCTHU,BI MeHBmeil BeJIHHHHBI, 
HeM 0,2 MKM. 3t0 M6TOH «TeMHOTO nOJIH», HJIH, KaK eTO Ha3BIBaJIH paHBHie, M6TOH 
«yjiBTpaMHKpocKonHH». CyTB ero b tom, hto nonoOno nBiJiHHKaM b Jiyne CBeTa 
(acfxjieKT THH^ajin) b KJieTKe npH Sokobom ocBemeHHH CBeTHTca MejiBHaiimne 
HacTHii,Bi (MeHBme 0,2 mkm), OTpajKeHHBiH cbct ot kotopbix nona/jaeT b oSbckthb 
MHKpocKona. 3tot mcto^ ycnemHO npHMemieTai npn H3yHeHHH hchbbix rjictok. 

Ecjih >Ke Heo6pa6oTaHHBie /Kiibbic hjih MepTBBie kjictkh paccMaTpHBaTB b 
npoxojmmeM CBeTe, to b hhx pasmiHaiOT ch tojibko KpynHBie neTami H3-3a toto, hto 
ohh oSnanaiOT hhbim K03(jxjmHMenTOM npejiOMJieHHa h nomomenini cbctobbix 
jiyneii, hcm OKpy/Kaioman cpena. EojiBman >Ke hbctb kjictohhbix KOMnoneiiTOB Majio 
OTJIHHaeTCH no 3THM CBOHCTBaM KaK OT CpeflBI (bOHBI HJIH TKaHeBBIX paCTBOpOB), TaK 
h flpyr ot flpyra h nosTOMy Majio 3aMeTHBi h He KOHTpacTHBi. hx inyHeinui 
npHXOflHTCH HIMeiHITB OCBemeHHOCTB (TepHH npn 3T0M B HeTKOCTH H300pa>KeniHl) 
HJIH npHMeHUTB OCOSBie MeTOflBI H npHSopBI. OflHH H3 TBKHX npHCMOB - MCTOfl 
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(J)a30B0-K0HTpaCTH0H MHKpOCKOnHH, IHHpOXO HCnOJIB3yiOIHHHCII flJia HaSjIIOfleHHH 
3a 5XHBBIMH KJieTKaMH. Oh OCHOBaH Ha TOM, HTO OT^eJIBHBie yHaCTKM npo3pamiOH B 
o6meM KJieTKH xotb Mano, ho Bee >xe OTJiHnaiOTCii flpyr ot flpyra no hjiothocth h no 
CBeTonpejiOMJieHHio. npoxofla nepe3 hhx, cbct H3MemieT cbokd (J)a3y, o^Haxo TaKoe 
H3MeHeHHe (J)a3Bi cbctoboh bojihbi Ham raa3 He ynaBJiHBaeT, Tax xax oh 
HyBCTBHTeJieH TOJIBKO K H3MeHeHHK) HHTeHCHBHOCTH CBeTa. IIoCJieflHM 3aBHCHT OT 
BeJIHHHHBI aMnJIHTyflBI CBeTOBOH BOJIHBI. B (j)a30B0-X0HTpaCTH0M MHKpOCKOne B 
oSbckthb BMOHTHpOBaHa cnepnajiBHaa njiacTHHxa, npoxoaa nepes KOTOpyio Jiyn 
CBeTa HCnBITBIBaeT ^OnOJIHHTeJIBHBIH CflBHT (J)a3BI KOJieSaHHH. npH nOCTpOeHHH 
H3o6pa>KeiHHi b 3 a m m oaencTByiOT y>xe jiynn, iiaxon^miiecH b o^hoh (f)a3e jih6o b 
npoTHBO(|)a3e, ho oSjia^aioiHHe pa3Hoii aMnjiHTyziOH; TeM caMBiM co3flaeTca cbctjio- 
TeMHoe KOHTpacTHoe H3o6pa)KeHHe oSnexTa. 

Cxo^hbih npneM HcnojiB3yeTca b HHTep(J)epeHpiioHHOM MHKpocKone. Oh 
ycTpoeH Tax, hto nynox napajuiejiBHBix cbctobbix jiyneii ot ocBeTHTejia pasaemieTCH 
Ha ^Ba noTOxa. Oahh H3 hhx npoxo^HT nepe3 oSnexT h npnoSpeTaeT H3MeHeHHa b 
( j)a3e KoaeoaiiHH, apyron hhct, Miniyfl o6bckt. B npn3Max ooBCKTHBa 06a noTOxa 
bhobb coe^HHiHOTca h HHTep (JtepHpyioT Mox^y co6oh. B pe3yjiBTaTe HHTep(j)epeHu,HH 
oyreT ctpohtbch H3o6pa/xemie, Ha xotopom ynacTXH xjictxh, oSaaaaiomne pa3Hoii 
TOJT TTT HHOH HJIH pa3HOH nJIOTHOCTBK), Sy^yT OTJIHHaTBCH flpyT OT flpyra no CTeneHH 
XOHTpaCTHOCTH. B 3TOM npMOOpe, H3M6pHH CflBHTH (fja3, MO'/XIIO OnpefleJIHTB 
xoHu,eHTpau,Hio h Maccy cyxoro BemecTBa b oSnexTe. 

C noMomBio nojiHpH3auHOHHoro MHKpocKona H3ynaiOT oSbcxtbi, oSjia^aioiHHe 
Tax Ha3BiBaeMOH H30TponneH, T.e. ynopimoneHHOH opHeHTapneH 
cySMHxpocxonHHecxHx nacTHu, (HanpHMep, BOJioxHa BepeTeHa ^ejiemui, 
MHO(j)H6pHJiJiBi h flp.). y Taxoro MHxpocxona nepe^ xoH^eHCOpOM noMemaeTca 
nojixpH3aTOp, xoTOpBiH nponycxaeT CBeTOBBie bojihbi c onpeaeaennoH njiocxocTBio 
nojiMpH3au,HH. Ilocjie npenapaTa h oSnexTHBa noMemaeTCn aHajiH3aTOp, xotopbih 
MO>xeT nponycxaTB cbct c ttoh >xe njiocxocTBio noanpoBamin. riojniproaTOp h 
aHajiH3aTOp - tto npn3MBi, cflejiaHHBie H3 iicaaimcKoro mnaTa (npn3MBi Hhxojm). 
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Ecjih BTOpyK) npH3My (aHajiroaTOp) noBepHyrb 3aTeM Ha 90° no othohichhio k 
nepBOH, to CBeT npoxonHTb He 6yneT. B tom cjiynae, Kor^a Menc^y TaKHMH 
CKpemeHHtiMH npn3MaMH oyaeT iiaxonuTbcn oobckt, oSnanaiomini abohhbim 
jiynenpejiOMJieHHeM, T.e. chocoShoctbk) nojinprooBaTb cbct, oh SyzjeT BH^eH KaK 
CBeTaniHHca Ha tcmhom none. C noMombio nojwpH3aH,HOHHoro MHKpocKona mo>kho 
ySe^HTbca, HanpHMep, b opneHTHpOBaHHOM pacnojionceHHH MHpejiJi b KJieTOHHOH 
CTeHKe pacTeHHH. 

BHTanbHoe (npH^«H3HeHHoe) H3yneHHe kjictok 

CBeTOBOH MHKpOCKOn n03B0JWeT BMneTb '/KHBBie KJieTKH. KpaTKOBpeMeHHOTO 

HaSjiiofleHHa KJieTKH noMemaiOT npocTO b /KM,TKyio cpeny Ha npenMCTiioe CTeKJio; 
ecjiH HyncHO fljiHTejibHoe iiaSnioneime 3a KJieTKaMH, to HcnojibiyiOTCH cneu,HajibHbie 
KaMepbi. 3to hjih nnocKiie (j)naKOiibi c OTBepCTHflMH, 3aKpbiTbiMH tohkhmh 
CTeKJiaMH, hjih >Ke pa36opHbie miocKHe KaMepbi. B KanecTBe oSbcktob mo>kho 
HCn0JIB30BaTb C BO 6on II O'/K II By LH II 6 KJieTKH npOCTeHHIHX H flpyTHX OflHOKJieTOHHBIX 
OpraHH3MOB, KJieTKH KpOBH HJIH 5Ke pa306meHHbie TKaHeBbie KJieTKH 
MHOTOKJieTOHHBIX OpTaHH3MOB KaK 5KHBOTHOTO, TaK H paCTHTeJIBHOTO 
npoHCxoncfleHHa. B jik>6om H3 sthx cjiynaeB kjictkh roynaiOT b cnepnajibHO 
nonoopamibix cpenax. C b o 6 on i i o>k h By hi h e oniiOKJieTomiLie opramoMbi 
paccMaTpHBaiOT h iriynaiOT b Tex nee epenax, b KOTOpbix ohh >k ii B y t b ecTecTBeHHBix 
ycjiOBHax hjih KyjibTHBHpyiOTCii b jiaSopaTOpHH. Tax, njui HeKOTOpbix npocTeHninx 
C03/iaHbi HCKyecTBeHHbie cpeflbi, Ha KOTOpbix ohh pacTyr h pa3MH05Kai0Tcn. 06bihho 
3to eSajiaHCHpOBaHHbie cojieBbie pacTBOpbi c ^oSaBKaMH MHKpoopraHH3MOB hjih 
flpyrnx npocTeHninx, cjiyncamnx nHmeii hjih naimoro Bona opraHH3Ma. 

KJieTKH KpOBH HJIH flpyTHe CBOSonilbie KJieTKH MHOTOKJieTOHHBIX MOTyT II3y HHTBCH 
b Kanjie njia3Mbi hjih b cneu,HajibHbix CHHTeTHnecKHx epenax. 

,H,ji3T HiyHeiiiHi KJieTOK opraHOB h TKaneii hchbothbix Hcnojib3yiOT Melon 
KJieTOHHbix KVJibTyp. Bojiee npocTOH BapnaiiT ttoto MCTona laKJiioiaeTCH b tom, 
hto b KaMepy, HanojiHeHHyio nnT aTe jibhoh cpenoii (cMecb njia3Mbi KpOBH c 
IMOpHOIianbllblM 3KCTpaKTOM HJIH CMeCb CHHTeTHHeCKOH cpeflbi c HOOaBJieilHeM 
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njia3MBi KpOBn), noMemaKDT hcSojibihoh KycoHeic jkhboh TKaHH. Hepe3 HeKOTOpoe 
BpeMa Ha nepHijiepHH TaKoro KycoHKa HanmiaeTca aeJieHHe h pocT rjictok. B apyroM 
cjiynae BBipeiamiBiH KyconcK TKaHH caerKa o6pa6aTBiBaiOT pacTBOpOM cjiepivieiiTa 
TpHncHHa hjih xeaaTOHa - BepceHa, hto npHBoaHT k ero flHCCOu,Hau,HH, k noaHOMy 
pa3o6uiemno kjictok apyr ot apyra. 3aTeM TaKyK) B3BecB otmbitbix rjictok 
noMemaiOT b cocya c nHTaTejiBHoii cpeaoii, rae ohh onycKaiOTca Ha ano, 
npHKpenjHHOTca k CTeKJiy h iiaHiinaiOT pa3MHoncaTBca, oopasya c nan an a kojiohhh, a 
3aTeM cnjioniHOH KJieTOHHBiH naacT. TaK paciyT oanocnoHiiBie kjictohhbic KyjiBTypBi, 
ohciib yaoSiiBie a an npn>KM3iieiiiiBix iiaSnioaeiiiiii. Jlynnie Bcero ana nonyHCiiiia 
nepBHHHBix KyjiBTyp H3 TKaneii ikhbothbix HcnojiB30BaTB HMopMonanBiiBiii MarepHan; 
KyjiBTypBi H3 KJieTOK B3pOCJIBIX OpTaHH3MOB pacTyT OHCIIB naoxo. 

IIpH KyjIBTHBHpOBaHHH KJICTOK BHC OpTaHH3Ma KpOMC CMCHBI CpCHBI BanCHO 
noaaepncHBaTB h ncooxoaniviyio TeMnepaTypy (okojio 20 ° ana xnaanoKpoBiiBix h 
okojio 37 ° ana TenjiOKpOBHBix). 06a3aTejiBHBiM ycnoBHeM KyjiBTHBHpOBaHHa kjictok 
aBJiaeTca coSnioaeHHe ctcphjibhocth. CymecTByeT pejiBiii paa aJiHTenBHO 
KyjiBTHBHpyeMBix kjictok; hto cneu,HajiBHBie kjictohhbic HiTaMMBi, 
npHcnoco6HBHiHeca aecaTHJieTHaMH k pociy BHe opraHH3Ma. Bojibhich nacTBio hto 
KJieTKH onyxojieBoro npoHCxo/Kaeima hjih HiiaHiiTcnbiio h3mchchhbic kjictkh, 
npHoSpeTHine CBoiiCTBa onyxojieBBix kjictok. 

Ceiinac MCToa KyjiBTHBHpOBaHHa kjictok bhc opraHH3Ma uiiipoKO HcnojiB3yeTca He 
TOJIBKO ana U,HTOJIOTHHeCKHX, HO H J\JIK reilCTHHCCKHX, BHpyCOJIOTHHCCKHX H 
SHOXHMHHeCKHX HCCJieaOBaHHH. 

B KyjiBType mojkho BBipaniHBaTB h pacTHTejiBHBie kjictkh. ,H,jia htoto KycoHKii 
TKaHH o6pa6aTBIBaiOTCa c|)epMCIITaMH, paCTBOpaiOHIHMH KJieTOHHBie oSojiohkh. 
OTaejiHBHiHeca kjictohhbic Tejia, npoTonnacTBi, noMemaiOT b KyabTypaabiiyio cpeay, 
rae ohh ae^Tca h o6pa3yiOT 30hbi pa3MHoacHBHiHxca kjictok. 

HaSaioaeima 3 a >khbbimh KJieTKaMH oSbihho peniCTpiipyiOTca b BHae cjiOTorpacjniii, 
caeJiaHHBix c noMOiHBio cneu,HajiBHBix (J)OTOiiacaaoK k MHKpo CKony. TKiibbic kjictkh 
MoncHO CHHMaTB h Ha KHHonjieHKy. B paae caynacB TaKaa MHKpOKHHOCBeMKa aaeT 
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OHCIIb Ba>KHyiO HH(J)OpMaU,HK). IIpHMemni yCKOpeHHyK) HJIH 3aMeflJieHHyK) 
KHHOCbeMKy (u,eiiTpa(J)epHaa KHHOCbeMKa), mo>kho noapoSHO BHaeTb npoTeKaHHe 
TaKHx Ba>KHBix npoueccoB, Kax nenemie kjictok, (j)arou,HT03, tctchhc u,HTonjia3Mbi, 
6iieHne pecHHneK h T.a. 

Tenepb c pa3BHTHeM KOMnBiOTepHBix tcxhojiothh c noMombK) cneu,najiBHBix 
TeneicaMep bo3mo>kho nojiynaTb Mioopa/Kemie kjictok npaivio Ha MOHHTOpe 
KOMnbiOTepa, 3anHCBiBaTb hx b naMUTH KOMnbiOTepa, BcanecKH o6pa6aTbiBaTB h 
nojiynaTB OTnenaTKii Ha npHHTepax h,bcthbix hjih Hcpno-Seabix. Tax >Ke bo3mo>kho 
Hcnojib30BaTb TaKyio KOMnbKDTepHyio BMacoTCxiniKy ana HeiiTpacfjcpnoii cbcmkm 
nOaBH5KHbIX OOBCKTOB . 

npH HCCJieaOBaHHH 5KHBBIX KJieTOK HCnOJIb3yiOT MeTOAbl MHKpOXHpyprHH, 
onepaTHBHoro BoaaeiiCTBiia Ha kjictkh. C noMombio npnoopa m h k p o m a n h n y jui t o p a 
KJieTKH pa3pe3aiOT, H3BJieicaK>T H3 hhx nacTH, BBoaaT BemecTBa (MHKpOHHbeKu,Ha) h 
T.a. M m Kpoivian Hnyrurrop coBMeuiaeTca c o6bihhbim MHKpocKonoM, b KOTOpbiH 
naSmoaaiOT 3a xoaoM onepapHH. M h k p o x h p y p ni h e c k h m m HHCTpyMeHTaMH cjiyncaT 
CTCKnamibie kpiohkh, hdibi, KanHJiJiapbi, KOTOpbie hmciot m h k p o c ko n 11 h e c k h e 
pa3Mepbi h H3TOTOBJiaiOTca Ha cneu,HajibHbix npHcnocoSjieHHax - «MHKpOKy3HHu,ax». 
npH m h k p o m a n h n y n a u h a x kjictkh noMemaiOT b cneu,HajibHbie KaMepbi, b KOTOpbie 
BBoaaT TaK/KC HHCTpyMeHTbi. Tax, c noMombio m h k p o m a n h n yji a to p a yaajiocb 
nepecaaHTb anpa ot oaHoro HiTaMMa aivieobi apyroMy h aoKa3aTb, hto hmchho 
KJ ieTOHHoe aapo onpeaejiaeT (J)H3HOJiorHHecKHe ocoSchhocth kjictkh b pejiOM. C 
noMombio MHKpOMaHHnyjiaTOpa yaajiocb inibemipoBaTb b KJieTKy aivieobi 
KOJuionaHoe 30JI0T0, a 3aTeM HCCJieaoBaTb pacnpeaeJieHHe ero nacTHu, b u,HTonjia3Me 
h aape. 

C nOMOIHbK) TaKHX MHKpOXHpypTHHeCKHX HHCTpyMCHTOB MO'/KIIO nOBOpaHHBaTb B 
KJieTKax m 11 tot 11 h e c k h e BepeTeHa, orracKHBaTb OTaejibHbie xpOMOCOMbi, BBoaHTb b 
>k 11 By 10 KJieTKy MCHCiibie aHTHTejia hjih pa3Hbie Schkobbic MOJieKyjibi. KpOMe 
MexaHHHecKoro B03aeiiCTBHa Ha kjictkh b MHKpoxnpyprHH b nocjieaHee BpeMa 
HinpoKO npiiMcnaiOT MHKponyHKH yjibTpa(J)HOJieTOBoro CBeTa hjih jia3epHbie 
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MHKpOnyHKH. 3t0 aaeT B03M0>KH0CTB n p a KT M H e C K M MOMeHTaJIBHO HHaKTHBHpOBaTB 
OT^ejiBHBie ynacTKH ikhboh khctkh. TaK, HanpHMep, mo>kho HHaKTHBHpOBaTB oano H3 
aflpBimeK h cjieflHTB 3a cyzjBOoH BTOporo, HHTaKTHoro. B 3tom caynae noKa3aHO, hto 
BTOpoe a^pBiniKO npHHHMaeT Ha ceon aonoaiiHTeaBiiyio Harpy3Ky h «pa6oTaeT 3a 
flBOHx». C noMoniBK) MHKponyHKOB yaaeTca nopa3HTB nacTB mhtothhcckoh 
xpomocombi hjih ynacTOK BepeTeHa ^ejieHHa. OKa3aaocB, hto nopaaceHHe 
U,eHTpOMepBI XpOMOCOMBI BBIBOflHT nOCJieflHKDK) H3 npOU,eCCa paCXO/KHeniHI 
XpOMOCOM K nOJIKDCaM KJieTKH BO BpeMH MHT03a. He^aBHO CTaJIH npHMCIHITB 
annapaTBi c na3epHBiM m h k p o a y h o m , hto no3BoaaeT ohciib tohho ^03Hp0BaTB 
KOJIHHeCTBO 3HepTHH B TOHKe nOpaaCCHHJI H HCn0JIB30BaTB OHCIIB KOpOTKHe 
(naiioceKyiiHBi) HMnyjiBCBi ooayHeiiiiJi. 

npH H3yneHHH HCHBBIX KJieTOK nBITaKDTCH HX OKpaiHHBaTB C nOMOHIBK) TaK 
Ha3BiBaeMBix BHTajiBHBix KpacHTejieii. 3to KpacHTejiH khcjioh (TpiinaiiOBBiM chhhh, 
jihthcbbih KapMHH) npHpoflBi, npHMemieMBie npn ohchb Sojibhiom pa3BefleHHH (1 : 
200000), cjieflOBaTejiBHO, bjihhhhc KpacHTeaa Ha acH3He,neflTeaBHOCTB kjictkh 

MHHHMaJIBHOe. T[pH OKpaHIHBaHHH HCHBBIX KJICTOK KpaCHTCJlB COSHpaeTCfl B 
u,HTonjia3Me b buhc rpaHyji, a b noBpe'/KaeiiiiBix hjih MepTBBix kjictkbx nponcxo^HT 
^H(|)(J)y3Hoe OKpaniHBaHHe u,HTonjia3MBi h pa. 

npn H3yneHHH jkhbbix KJieTOK ninpoKO HcnojiB3yiOT (J)jiyopecu,HpyiomHe 
KpacHTejiH h MeTOfl (JiJiyopecueHTHOH mhkpockoiihh. CyTB ero 3aKJHOHaeTCn b tom, 
hto pejiBiii pafl BemecTB oSaa^aeT chocoShoctbk) cbcthtbch ((juiyopeciinpoBaTB, 
JHOMHHeepHpOBaTB) npH nOTJIOmeHHH HMH CBCTOBOH 3HCpTHH. CneKTp 
(|)jiyopecu,eHu,HH Bcer^a CMemeH b CTOpOHy Sojibhihx ^jihh bojih no othohichhio k 
b o 3 6y >kh a 1 o hi e m y (fwiyopecpeHiiHio H3JiyHeHHio . TaK, HanpHMep, BBineaeiniBiii 
xjiopocjiHJiJi npn ocbcihchhh b ya bt p ac|) h o a cto b bi x aynax cbcthtch KpacHBiM h,bctom. 
3tot npHHu,nn HcnoaB3yeTca b (JmyopecpeHTHOH MHKpocKonHn: paccMaTpHBaHne 
(jiayopeciiHpyiomHx oObcktob b 30He kopotkhx nami BoaH. Oobihiio b tbkhx 
MHK pocKonax npHMemnoTca (jmaBTpBi, ^aiomHe ocBemeHne b CHHe-cjiHoaeTOBOH 
oSaacTH. CymecTByiOT ya bt pacj) h oa cto b bi e aiOMHHecu,eHTHBie MHKpocKonBi. 
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CoScTBeHHoii (J)Jiyopecu,eHu,Heii oSaa^aiOT HeKOTOpBie imrMeHTLi (xaopocjiHaaBi, 
SaKTepHajiBHBie mirMeiiTBi), BHTaMHHBi (A h B 2 ), ropMOHBi. Ecjih bo 
(JmyOpeepeHTHBffl MHKpOCKOn paCCMaTpHBaTB KJieTKH paCTeHHH, TO Ha TeMHO-CHHeM 
(J)OHe 6ya,yr bh^hbi apKO CBeTamiieoa KpacHBie 3epHa BHyrpH kjictkh - sto 
xjioponjiacTBi. 

Mo>KHO npHMeiHITB MCTOa (J)JiyOpeCU,eHTHOH MHKpOCKOnHH, ^oSaBJiaa ikhbbim 
KJieTKaM (jiayopoxpOMBi ( (Jm y o p e c mi py i o lh n e BemecTBa). 3tot cnoco6 cxoaen c 
BHTaJIBHBIM OKpaiHHBaHHeM B TOM CMBICJie, HTO 3,360 B TaKTKe HCnOJIB3yK)T OH6IIB 
HH3KHe KOHH,eHTpaH,HH KpaCHTeJia (1 X 1 0 4 — 1 X 10' 5 ). MhOTHC (J)JiyOpOXpOMBI 
H36HpaTeJlBHO CBH3BIBaiOTCH C OnpefleJieHHBIMH CTpyKTypaMH KJieTKH, BBI3BIBaa HX 
BTOpHHHyK) JIK)MHHeCU,eHU,HK). TaK, HanpHMep, (|)JiyOpOXpOM aKpHflHHOBBIH 
OpaH5KeBBIH H36HpaTeJIBHO CBa3BIBaeTCa C HyKJieHHOBBIMH KHCJIOTaMH. npHHeM, 
CBa3BiBaacB b MOHOMepHOH (jiopMe c ,ZJHK, oh (JmyopecpHpyeT 3ejieHBiM pbctom, a b 
flHMepHOH (J)opMe c PHK CBeTHTca KpacHBiM u,BeTOM. HaSmo^aa 3a jkhbbimh 
KJieTKaMH, OKpameHHBIMH aKpHflHHOBBIM Opail/KCBBIM, BHflHO, HTO HX flflpa HM6IOT 
3ejieHBiH u,BeT CBeHeHHa, a u,HTonjia3Ma h h^pbihikh CBaTaTca KpacHBiM pbctom. TeM 
CaMBIM B 5KHBOH KJieTKe C nO MO HI BIO 3TOTO MCTOHa MO'/KIIO BMHCTB JIOKaJIH3aU,HK) (a B 
HeKOTOpBix cayaaax paccHHTBiBaTB kohhh6Ctbo) Tex hjih hhbix xhmhhcckhx 
BeujecTB. CyuiecTByiOT (jiayopoxpOMBi, HBonpaTeaBiio CBa3BiBaiomneea c arniHflaMH, 
CJIH3BK), KepaTHHOM H flp. 

B TKHBBie KJieTKH MO'/KIIO HHBei],HpOBaTB TaK'/KC MeHeHBie (J)JiyOpOXpOMaMH 
aHTHTejia. TaK, HanpHMep, BBeaemiBie b KJieTKy CBaiamiBie c (JmyopoxpOMOM 
aHTHTejia k 6eaxy Tyoyamiy coeaniiaiOTCH c m h K poTpy6on ktm m, KOTOpBie TenepB 
mo>kho naSaioaaTB b tkhbbix KJieTKax c noMomBio (}) a y o pe c ue 1 1 t 1 1 o ro MHKpocKona. 

B nocae^Hee BpeMa HaamiaeT ninpoKO HcnoaB30BaTBca ,naa royaeiiHa jkhbbix 
KaeTOK nan hx komhohchtob coaeTaHHe cbctoboh MHKpocKonHH (ocoSemio 
(J)a30B0K0HTpaCTH0H) C 3aeKTpOHHHO-KOMnBK)TepHOH o 6 pa 60 TKOH H306paaceHHa. 
IIpH 3tom HcnoaB3yeTca BH,neo3anHCB c aaeKTpOHHOH o6pa6oTKoii H3o6paaceHHa, 
KOTOpaa KaK 6bi «y6npaeT» (})0ii0BBie ypOBHH h BBiaeaaeT, KOHTpacTHpyeT 
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Ha6jiio,naeMBie CTpyxTypbi. Taxaa MeToanxa no3BoaaeT Ha TeaeaxpaHe bmhctb TaKHe 
CTpyKTypBI KaK M H KpOTpyOO 1 ! KH, pa3Mep KOTOpBIX (20 HM) HaMHOrO MeHBHie 
pa3pemaK)meH chhbi CBeTOBoro MHKpocKona. IIpHMeHeHHe tbxhx chctcm He tohbko 
3aMemnoT peHTpa^epHyio KHHOCBeMKy, bmccto xoTOpon HcnojiB3yeTca BH^eo- 
3anncB, ho h no3BOJiaeT xoMnbiOTepHyK) o6pa6oTKy rooSpaaceHHa: CBeaemia o 
nnoTHOCTH CTpyKTyp, o hx napaMeTpax, nncae h TpexMepHOH opraHH3au,HH. B 
COHeTaHHH C (|)3yOpeCH,eHTHOH MHXpOCXOnHeH 3TH IVieTOHBI OTKpBIBaKDT OrpOMHBie 
nepcneKTHBbi b HaywenHH >xhbbix xaeTOx. 

OSBIHHBie MCTOaBI CBeTOBOH MHKpOCKOnHH Tpy^HO H C IT 03 B 30 B SLT B J\Jl% 
BOcnpoH3BefleHHa TpexMepHOH KapTHHBi H3ynaeMoro oSbexTa H3-3a HeSoabinoH 
rayOnHBi pe3KOCTH MHKpocKona. OSbihho KaeTKH paccMaTpHBaKDTca xax onTHnecxHe 
pa3pe3Bi Ha aannoM rayOnne (J)OKyca. JXnn Toro, htoobi nojiyHHTB noanyio 
TpexMepHyK) pexoHCTpyxpHK) oobexTa HcnojiB3yiOT cnemiaabiibiH KOH(j)OKaabHbiii 
CKaHHpyioiUHH CBeTOBOH MHKpocKon. C noMoniBK) 3Toro npn6opa nojiynaiOT 
cepHH nocaeaoBaTeaBiiBix ormmecxMx cpe30B, bbhtbix c pasaHHiiOH rayOmibi h 
inoopa/xenna xoTOpbix naxanaiiBaiOTca b xoivtnbiOTepe, h no cnepnaaBHOH 
nporpaMMe pexoHCTpyHpyeTca TpexMepHoe, oSbeMHoe, H3o6paaceHHe oSbexTa. 
Oobihiio HcnoaB3yiOTCH oSbexTBi, oxpameHHBie (Jmyopox poMaxi h . 

H3yneHHe (J)HKCMpoBaHHBix kjictok 

HecMOTpa Ha bb>xhoctb h aocTaTonnyio npocTOTy BiiTaabiibix naSaioaemiM, 
SoabHiaa nacTB CBeaeHHH o CTpyxType h CBOHCTBax xjieTOx noayaeHa Ha 
(J)HxcHpOBaHHOM MaTepHajie. Ecjih xaeTxy noBpeflHTB, OHa naHnnaeT npeTepneBaTB 
paa H3MeHeHHH, a nocae CMepTH xaeTxn b Hen axTHBHpyiOTca aBToaHTHae cxne 
(J)epMeHTBi, hto npiiBoaHT x rpySbiM M3iYienenMaivi xaeTOHiion CTpyxTypbi. 
CaeaoBaTeabiio, aaaawH (J)Hxcau,HH - sto yoiiTb xaeTxy, npexpaTHTB axTHBHO ctb 
BHyTpHxaeTOHHBix (j)epMeHTOB, npeaoTBpaTHTb pacnaa xaeTOHiibix xomhohchtob, a 
Taxace H36eacaTb noTepn CTpyxTyp h BemecTB, npemiTCTBOBaTb noaBaeHHio 
CTpyxTyp, OTcyTCTByiouiiix b 5xhboh xaeTxe (apTe(j)axTHbie CTpyxTypbi). K 
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C05KaneHHK), eme He nanaen TaKoi! xhmhhcckhh (J)HKcaTOp, KOTOpbiH 6 m 
yflOBJieTBOpaji BceM sthm TpeSoBamniM. 

HacTO flna (J)HKcau,HH Hcnojib3yiOTca ajiB^erH^Bi h hx cmcch c flpyrHMH 
BemecTBaMH. B KanecTBe (J)HKcaTOpOB npHMemnoT TaK>Ke cnHpTBi, B&i3BiBaiomHe 
Heo6paTHMyK) aenaTypamno 6eaKOB, oca/Kaemie HyKJieHHOBBix khcjiot h 
nojiHcaxapH^OB. Oca/KaaiOLiniM aeiiCTBiieivi o6aaaaiOT TaKHe cyaeMOBBie (jiHKcaTOpbi 
H (jlHKCaTOpbl C nHKpHHOBOH KHCJIOTOH. <I>HKCaTOpbI, COflep>KaHIHe HCTblpeXOKHCb 
OCMHH (OSO4), XOpOHIO COXpaHaKDT JIHnHITbT. 

riocae (J)HKcau,HH oSbeKTBi b ^ajiBHeHHieM mo>kho noflBepraTb ^onojiHHTejiBHOH 
o6pa6oTKe. O^hoh H 3 raaBHbix tbkhx o6pa6oTOK aBJiaeTca OKpaniHBaHHe kjictok. 
Hmchho ^onojiHHTejiBHoe OKpaniHBaHHe kjictok no3BOJiHJio bbiubhtb b hhx Maccy 
^eTajieii. 

CTeKJia c (j) 11 K'c 11 po Ban n Li m m Ma3KaMH oanoKHCTOHiibix opraHH3 MOB hjih c 
KJ ieTKaMH Kyjibiypbi TKaHH mo>kho nenocpeacTBenno noMemaTb b KpacHTejiH. Ho r jib 
OK paiHHBaHHa kjictok b cocTaBe opraHOB hcoSxoahmo nojiyHHTb hx cpe3bi. H3ynaiOT 
TBKHe Cpe3bl H OTfleJIbHbIX KJieTOK. 

,H,JI3T 3TOTO nOCJie (J)HKCaU,HH KyCOHKH OpraHOB OOC 3BO/KH BBIOT b cmipTax 
B03pacTaK)meii KOHu,eHTpaii,HH, cnnpT 3aMemaiOT kchjiojiom, a kchjioji - napa(J)HHOM. 
TaKHM o6pa30M, cjiMKCiipoBannaH TKaHb, Mirny a BbicyniHBaHHe Ha Bosayxe, 
OKasbiBacTCH jaKaiOHcnnoii b TBepayio Maccy napacjnnia, KOTOpyio mo>kho Hape3aTb. 

Cpe3bi TOJiiHHHoii #0 5-10 mkm nojiynaiOT Ha cneu,HajibHOM npH6ope - 
MHKpOTOMe. TaKHe cpe3bi npHKJieHBaiOTca Ha npe^MeTHoe ctckjio: napacjiHH 
pacTBOpaeTca b kchjiojic, kchjioji yuajiaeTca cnnpTaMH, KOTOpbie 3aMemaiOTca bo^oh. 
Tenepb cpe3bi mo>kho OKpaniHBaTb boahbimh pacTBOpaMH KpacHTejieii. ,ZJjiji 
H3roTOBJieHHa nocTOUHHbix npenapaTOB OKpameHHbie cpe3bi CHOBa o6e3BO)KHBaiOTca 
h 3ajiHBaiOTca b KanaacKiiii 6ajib3aM noa noKpOBHMM ctckjiom, 3 th npenapaTbi 
M05KH0 flJIHTeJIbHO XpaHHTb. 

,Z],jia OKpacKH (j)HKXHpoBannbix TKaHeii h kjictok npiiMCimoT pa3JiHHHbie 
HaiypajibHbie h raaBHbiM o6pa30M c h iitct h hcc k h e KpacHTejiH. HaiypajibHbie 
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KpacHTenH (reMaTOKCHJiHH, KapMHH h ap.) ynoTpeoaaiOT b coaeTannn c npoTpaBaMH 
(OKIICJIBI pa3JIHHHBIX MeTaJIJIOB), C KOTOpBIMH OHH 06pa3yK)T KOMIIJieKCHBie 
coeaHiienna (jiaKH). 

CHHTeTHHecKHe KpacHTenH noapa3aeaaK)T Ha khcjibic h ocHOBHBie. Ochobhbic 
K pacKH npeacTaBJiaKDT co6oh cojih Kpacamnx ocHOBaHHH, coaepacamHe b cbocm 
cocTaBe aMHHorpynnBi, KOTOpBie h onpeaejiaiOT hx ih,cjiohhoctb. TaKne KpacHTenH 
o6pa3yiOT coaeBBie cbitim c khcjiothbimh rpynnaMH b CTpyKTypax kjictkh. 
CaeaoBaTejiBHO, ynacTKH kjictok, SoraTBie khcjiothbimh rpynnaMH, CBaacyT ca c 
OCHOBHBIMH KpaCHTCJiaMH, 6yayT, KaK HX Ha3BIBaiOT, 6a30(J)HJIBHBIMH. KHCJIOTHBie 
KpacHTejiH coaep'/KaT b cbocm cocTaBe rnapOKCHJiBHBie rpynnBi, hjih rpynnBi SO 2 OH. 
CTpyKTypBI KJieTOK C OCHOBHBIMH (uICJIOHHBIMH) CBOHCTBBMH CBa3BIBaiOTCa C 
KHCJIOTHBIMH KpaCHTCJIUMH II IiaiBIBaiOTCa aH,HaO- HJIH OKCHljlHJIBHBIMH. CyiH,eCTByeT 
MHOJKecTBO CMecefi TaKHx KpacHTejieii, KOTOpBie oaHOBpeMeHHO MoryT OKpaniHBaTB 
pa3JiHHHBie ynacTKH kjictok b pa3HBie u,BeTa h tcm caMBiM noBBimaTB KOHTpacTHOCTB 
KJieTOHHBIX H B 1 1 C KJ1 CT OHH BI X KOMnOHCHTOB. TaKHM 06pa30M, HCnOJIB3ya 
BCeB03M0>KHBie KpaCHTCJIH, HCCJieaOBaTCJIH He TOJIBKO aoSHBaiOTCa neTKOCTH 
MOpljlOJIOrHHeCKOH KapTHHBI KJICTKH, HO nOJiywaiOT HeKOTOpBie CBeaeiHHI O XHMH3Me 
TOH HJIH HHOH CTpyKTypBI. 

Paa KpacoHHBix npneMOB, HanpaBJieHHBix Ha BBiaBJieHHe cneu,H(|)HHecKHx 
XHMHHeCKHX BemeCTB, nOJiyHHJI Ha3BaHHe THCTOXHMHHeCKHX H IJHTOXHMHHeCKHX. 
MeTOaOB H H TO X H M II H C C KO TO aHaJIH3a OHdlB MHOTO. 

CymecTByeT pejiBiH paa cneu,H(|)HHecKHx KpacoHHBix npneMOB, npaMO 
BBiaBaaiomHx Te hjih HHBie BemecTBa. 3to coSctbchho THCTOXHMHne CKne 
(piiTOXHMHHecKHe) peaKpHH. OcHOBHBie TpeSoBaHHa, npeaBaBJiaeMBie k TaKoro poaa 
peaKu,HaM, cjieayKnmie: cnemicjiimnocTB CBa3BiBaHna KpacHTejia, hch3mchhoctb 
aoKanH3au,HH BemecTBa. 

npHMepOM TaKoro poaa ijhtoxh m hh e c khx peaKii,HH mo'/KCt 6bitb uinpOKO 
npHMeHaeMaa peaKuna Ha ,H,HK, peaKuna (PejiBreHa (pnc. 8). CyTB ee b tom, hto 
nocjie cnem icjiH wee koto khcjiothoto mapoaHsa tojibko Ha ^HK b pe3yjn>TaTe 
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OTmenneHiM nypHHOB Ha ae30xcHpH6o3e o6pa3yiOTca ajiBaernaHBie rpynnBi. 3th 
rpynnBi MoryT b 3 a n m on e m c t b o b bt b co c ne hm (jinnee km m n n a n kbt o p o m , peaKTHBOM 
IIImjxjDa (o6ecu,BeHeHHoe ocHOBaHHe (jiyxcHHa), aaBaa KpacHoe OKpaniHBaHHe b 
MecTax jiOKajiH3au,HH ^HK. CBasbiBanne xpacHTeaa b stom cjiynae CTporo 
KOJiHnecTBeHHoe, hto no3BOJiaeT He tojibko oSnapyacHTb h yKa3aTb MecTa, rae ecTb 
^HK, ho h H3MepHTb ee kojikhcctbo. Hcnojib3ya stot ace npHHu,Hn BBiaBJieHHa 
ajibaerHaHbix rpynn, MoacHO b KJieTKax BHaeTb pacnojioaceHHe nojiHcaxapnaoB nocjie 
THapoinm hx nepHoaHoii xhcjiotoh (Tax nasbiBaeiYiaa PAS-peaxpHa). 

Taxace cnepHcjiHHecxH MoacHO onpeaeaHTb jioxajiH3au,Hio SeaxoB peaxipiaMH Ha 
OTaeJIBHbie aMHHOXHCJIOTBI (THp03HH, TpHnTO(j)aH, apTHHHH H ap-)- -Jlliniiabl H aCHpbl 
oSHapyacHBaiOT b xaeTxax cnepHajiBHBiMH xpacHTeaaMH (cyaaH nepiibiH), xoporno 
pacTBOpaKDHiHMHca h a k k y m y a n p y i o m h m h c a b acnpOBbix BKJHOHennax. 

U,eaaa rpynna h m t o x h m hh e c xhx peaxu,HH CBa3aHa c oonapy/xeinieivi (jiepMeHTOB. 
06 ihhh npHHu,Hn 3 thx peaxpHH b tom, hto b MHxpocxon BHaHBi He caMH SeaxoBbie 
(J)epMeHTbi, a MecTa hx jioxajnmpHH, xoTOpbie o6HapyacHBaK)Tca no npoayxTaM hx 
C neU,H(j)HHeCXOH (JiepMeHTaTHBHOH aXTHBHOCTH. 

KojinnecTBO xoHeHHoro npoayxTa u h to x h m h h e c ko n peaxpnn MOaCHO OnpeaeJIHTb c 
noMonibK) MeToaa UHTO(J)OTOMeTpHH. OcHOBy ero cocTaBJiaeT onpeaeaeHHe 
xojiHnecTBa xHMHHecxHx BemecTB no norjiomeHHK) hmh CBeTa onpeaeaeHHOH a-tfHHBi 
bojihbi. Bbijio HanaeHO, hto HHTeHCHBHOCTB norjiomeHHa Jiynen nponopiipoHajiBHa 
xoHu,eHTpau,HH BemecTBa npn oaHoii h toh ace TOJimnHe oSnexTa. CjieaoBaTejibHO, 
opeHHBaa CTeneHb norjiomeHHa CBeTa aaHHBiM BemecTBOM, MoacHO y3HaTb ero 
xojiHHecTBO. ^jia Taxoro poaa HCCJieaoBaHHH Hcnojib3yK)T npnoopbi - MHXpOCXOnbl- 
u,HTO(J)OTOMeTpbi; y hhx 3a oSbckthbom pacnojioaceH HyBCTBHTejiBHBiH (JiOTOMeTp, 
perHCTpHpyKDHiHH HHTeHCHBHOCTB npoHieaniero nepe3 oSnexT cbctoboto noTOxa. 
3Haa naouiaab hjih oobcm H3MepaeMOH CTpyxTypBi h snaHenne norjiomeHHa, MoacHO 
onpeaejiHTB xax xoHu,eHTpau,Hio aannoro BemecTBa, Tax h ero aScoaionioe 
coaepacaHHe. Illnpoxo HcnojiB3yeTca MeToa u,HTO(|)OTOMeTpHH npn onpeaejieHHH 
xojiHnecTBa ^HK Ha xaeTxy nocae peaxupn (PejiBreHa. B a&HHOM cjiynae 
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(|)OTOMeTpHpyeTCfl He caMa ^HK, a coaepncaHHe KpacHO OKpameHHoro (j)yKCHHa, 
KOJiHHecTBO KOTOporo n pH a mo nponopiiHOHanBHO coaep'/Kannio /THE. CpaBHHBaa 
noayHeniibie BennHinibi nomoLnemia co CTaHaapTaMH, mo>kho nonywHTb TOHiibie 
snawenHa KonHnecTBa ^HK, BBipanceHHBie b rpaMMax. 3tot mctoh nosBonaeT 
H3MepaTB KOJIHHeCTBO /THE a O 10" 12 - 10" 14 r, B TO BpeMa KaK MHKpOXHMHHe CKHe 
MeTOflbl HMeKDT HyBCTBHTeJlbHOCTb He 60 Jiee 10" 6 r. C nOMOIHBK) U,HTO(J)OTOMeTpHH 
coaep'/Kanne ,H,HE b KJieTKax onpeaenaeTca HaMHoro Tonnee oSbihhbix 
SHOXHMHHeCKHX MCTOaOB. 

KoaHHecTBennyio oueiiKy nonynaiOT He tojibko nomomaiomne cbct oSBeKTBi h 
BenjecTBa, ho h ronynaiomHe (cBeTamHeca ). Tax, pa3pa6oTaHbi npHeMbi 
KOJiHHecTBeHHOH (JtJiypOMeTpHH, no3BOJiMK)HiHe no CTeneHH CBeneHHa onpeaenHTB 
coaep'/Kanne BemecTB, c kotopbimh CBHSbiBaiOTca (J)jiyopoxpOMbi. 

,Z],na BbiaBJieHHa cneu,H(J)HHecKH SejiKOB npHMeHaiOT HMMyHOXHMHHecKHe 
peaKUHH c Hcnojib30BaHHeM cfjnyopecmipyiOLinix aHTHTeji. 3 tot mctoh 
HMM yHO(J)Jiyopecu,eHu,HH oSnaaaeT oneHB Sojibhioh cnen,H(J)HHHOCTbK) h 
H yBCTBHTeJIBHOCTBK). ErO MO'/KIIO HCn0JIb30BaTb flJia BbHIBnemia He tojibko ochkob, 
ho h OT^ejiBHBix noeneaoBaTenBHOCTeH HyKneoTHaoB b ^HK hjih ana onpeaenemia 
MecT jiOKajiH3au,HH PHK-^HK rMopnanbix MOJieKyn. ^na stoto cnawana Ha 6enoK 
(HanpHMep, Tyoynun) nonywaiOT cnemi(j)HHecKne cbibopotkh, coaepncamne 
aHTHTena. Onimemibie aiiTMTena xiiMiinecKH coenmiaiOT c cfjnyopoxpoMaM m . TaKHe 
npenapaTBi HajiHBaiOT Ha oSbcktbi h c noMomBio moMHHecpeHTHoro MHKpocKona no 
CBeneHHio (jxnyopoxpOMa naxonaT MecTa jiOKajiH3au,HH hckombix ochkob b KJieTKe. 
OaHaxo ana toto, htoobi Me L iemibie (j)jiyopoxpOMaMH aHTHTena npOHHKnn b KneTKy, 
HeoSxoanMO n n as m bt h h e c K y i o MCMopany caenaTB npOHHpaeMOH. 06 bihho sto 
aocTHraeTca (J)HKcan,HeH KneTOK h nacTHHHOH 3KCTpaKu,neH nHnHaoB H3 MeMSpaH. 
,Z],na H3yneHHa c noMom&io stoto MeToaa u,HTOCKeneTHBix 6enKOB npHSeraiOT k 
pacTBOpeHHio KneTOHHBix MCMopan pa3nnHHBiMH neTepreiiTaiviM. 

,Z],na BBiacHeHHa noKanH3au,HH MecT CHHTe3a SnononKMepOB, ana onpeaeneHHa 
nyreH nepeHoea BemecTB b KneTKe, ana HaSnioaeHHa 3a MHrpapHeH nnn CBOHCTBaMH 
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OTejibHbix KJieTOK niHpOKO HcnonB3yK)T MeTOfl pa^HoaBioi pat|)HH - perncTpau,HH 
BemecTB, MeneHHBix H30TonaMH (pnc. 9). npHHipin 3Toro Mero^a oneHB npocT, oh 
noBTOpaeT iYieToa EeKKepejia, OTKpBiBuiero paanoaKTHBiibiH pacnajr npH 
p aa h o a bt o r p a cj ) h h e cko m HCCJienoBaiiHH KJieTKaM b cpeay bboahtck npeauiecTBenmiK 
OflHoro H3 m a k p o m o ji e Kyjiap h bix coeaHiiemiH (HanpHMep, aMHHOKHCJiOTa hjih 
HyKJieOTHfl), OflHH H3 aTOMOB KOTOpOrO 3aMemeH paaHOaKTHBIIblM H30T0n0M. 

HanpHMep, bmccto 12 C BBe^eH aTOM 14 C, bmccto Bo^opo/ia - tphthh 3 H h ^p. B 
npopecce CHHTe3a b SnonojinMep BKJiiOHHTca h MeneHaa MOJieicyjia 
npeflmecTBeHHHKa. PeniCTpHpoBaTB ee MecTO b KJieTKe mojkho c noMomBio 
(J)0T03MyjlbCHH. EcJIH KJieTKH B nJiaCTe HJTH Ha Cpe3e nOKpbITb (|)0T03MyjIBCHeH, TO 
nepe3 HeKOTOpoe BpeMa b pe3yjibTaTe pacnaaa H30Tona - wacTimbi, pasaeTaiounieca 
xaoTHHHO b pa3Hbix HanpaBJiemiax, nonaayT b 30Hy nyBCTBHTejiBHoro (jioTOCJioa h 
aKTHBHpyKDT b ncM 3epHa opoMMCToro cepeopa. Hcm SojiBine 6yn,eT BpeMa 
3KCn03HU,IIII, T.e. KOHTaKTa TaKOH MeneHOH KJieTKH C (j)0T03MyjIbCIieH, TeM SoJIBHie 
3epeH AgBr SygeT 3acBeneHO. nocjie 3Kcno3Hu,HH Ha/io npoaBHTB npenapaT, npn 
3tom npoHCxo^HT BOCCTaHOBJieHHe cepeopa tojibko b 3acBe L ieinibix rpaHynax, npn 
(J)HKcau,HH npenapaTa He3acBeneHHBie rpaHyjibi AgBr pacTBOpaiOTca. B pe3yjiBTaTe 
H3 Maccbi rpaHyji, KOTOpbie noKpbiBajiH o6bckt, ocTanyTca tojibko Te, KOTOpBie 6bijih 
aKTHBHpOBaHBi [3-H3JiyHeHHeM. npocMaTpHBaa b MHKpocKon TaKHe npenapaTBi, 
noBepx KOTOpBix HaHeceH cjioh (|)0T03MyjiBCHH, HCCJieAOBaTejiB Haxo^HT MecTa 
jiOKajiH3au,HH 3epeH cepeopa, KOTOpBie pacnojiaraiOTca HanpOTHB MecT, ore 
coAepacHTca MeneHoe BemecTBO (pnc. 9). 

3tot mctoji HMeeT orpanHwenna: tohhoctb ero OyreT 3aBHceTB ot BejiHHHHBi 
3epHa AgBr h ot aHepnin HacTiiu,Bi. HeM SojiBine BejiHHima 3epHa, TeM c MeHBineH 
tohhoctbk) mo>kho y3HaTB MecTO pacnojioaceHHa H30Tona. H hcm BBime ineprua 
HacTiipBi h fljiHHHee ee npo6er, TeM ^ajiBine ot MecTa pacnaaa OyaeT nponcxoanTb 
aKTHBaunH 3epeH AgBr . noiTOMy ^jia MeToaa paa iioaBT o rpacj) u n iicnojiB3yK>T 
OCOSBie MeJTK03epHIlCTBie (])0T03MyjIBCHH (0,2-0, 3 MKM) H H30T0nBI C Manoil 3HepnieH 
(3-naCTHH,, TJiaBHBIM o6pa30M H30T0n Boaopoaa, TpHTHH ( 3 H). TpIlTHeM MOTyT 6bitb 
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Meneiibi jnoobie npenmecTBenmiKH OHCbionmecKiix MaKpOMOJieKyn: HyxjieoTHflbi, 
aMHHOKHCJiOTbi, caxapa, jxnpHbie khchotm. HenojibsyiOTCH TaK>xe j\ji% 
pa/iHoaBTorpacjDHHecKHx HCCJieflOBaHHbix MeneHbie ropMOHbi, aHTn6HOTHKH, 
hhth6htopbi h up. P aa h o a bt o r p a (j) h l i e c k n neabSfl HsywaTb pacTBOpHMbie b BO^e 
coeflHHeHHa, Tax xax b npopecce o6pa6oTKH xjictox boahbimh pacTBOpaMH 
((jinxcaiiHa, npoaBJieHHe h t.#.) ohh MoryT noTepuTbca. ,Z],pyrHM orpaHHHemieM 
MeToaa HBaaeTca ^ocTaTOHHO BbicoKaa KOimeiiTpamia aamibix BemecTB, Tax xax npn 
HH3XOH XOHU,eHTpaU,HH paflHOaXTHBHOTO BemeCTBa BpeMa 3XCn03HH,HH 
yBenHHHBaeTCM, npn 3 tom pacTeT onacHOCTb nouBJieHHa (J)OHa sacBeneHHbix rpaHyn 
AgBr 3a cneT xocMHnecxoro rojiyneHna. 

MeTOfl pa^HoaBTorpa(|)Hn - oahh H3 ochobhbix mctoaob, no3BOJHHomHx H3ynaTb 
flHHaMHXy CHHTeTHHeCXHX npOpeCCOB, CpaBHHTb HX HHTeHCHBHOCTb B pa3HbIX 
xaeTxax Ha o^hom h tom >xe npenapaTe. Tax, HanpHMep, c noMombio stoto MCToaa 
npn Hcnojib30BaHHH MeneHbix npeflmecTBeHHHxoB PHK 6bijio noxa3aHO, hto bch 
PHK CHHTe3HpyeTca tojibxo b MiiTepcfjasnoM aape, a iiaaHHHe u n t o n a as m aT n h e c ko ii 
PHK ^BJiaeTca pe3yjibTaTOM Miirpamni CHHTe3HpOBaHHbix MOJiexyji H3 aapa. 

MeTOfl p aa h o a b to r p a (}) h h iicnojibsyeTca Tax>xe fljia onpeaeaeniHi pacnoao/xemia 
onpeaeaemibix thhob HyxjieHHOBbix xhcjiot hjih OTrejibiibix HyxjieoTHflHbix 
nocjieflOBaTejibHOCTeH b cocTaBe xjieTOHHbix a^ep hjih xpomocom - MeTO,a 
MOJieKyjinpHOH rH6pH^H3auHH. ^jm stoto pacTBOp c MeneHHOH HyxjieHHOBOH 
xhcjiotoh (HanpHMep c phSocomhoh PHK) hjih c ee (jDpameHTOM (HanpHMep, c 
caTejiHTHOH ,E(HK) nanocHT Ha npenapaT, npe^BapHTejibHO o6pa6oTaHHbiH Tax, 
hto6bi /lenaTypopoBaTb ^HK (pa30pBaTb Boaopoanbie cbhsh b HaTHBHOH ^HK) b 
cocTaBe xpOMOCOM hjih a^ep, hto flocTHraeTCn mejiOHHOH hjih TeMnepaiypHOH 
o6pa6oTxoii o6pa3pa,. B npopecce peHaTypapHH J\UK npoHCxoflHT o6pa30BaHHe 
MOJiexyjiapHoro TH6pH^a Mox^y MeneHOH HyxjieHHOBOH xhcjiotoh H3 pacTBOpa h 
xoMnjieMeHTapHbiM eMy ynacTxoM /THK b npenapaTe. MecTO Taxon r m 6 p n a ns a u h h 
onpeflejineTOi paflHoaBTorpacjiHHecxH. 3tot mcto# MOJiexyjinpHOH rn6pHflH3au,HH 
HyxjieHHOBbix XHCJIOT n03B0JIMeT C SoJIbHIOH TOHHOCTblO JI0XaJIH30BaTb Ha 
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xpOMOCOMe MecTa c naHHoi! HyKneoranHOH noenenoBaTenBHOCTBio hjih nance 
pacnononceHHe onpeneneHHBix reHOB. 

MeTOfl MOJieKyaapHOH niopHaHsami h HyKJieHHOBBix khcjiot HcnonB3yeTca Taicnce 
npii OKpacice hx (jmyopoxpOMaMH. HanpHMep, ecnn Bbineneimyio an p t*i lli ko B y i o 
7(HK, OTBeTCTBeHHyK) 3a chhtc3 phSocomhbix PHK, npenBapHTenBHO CBa3aTB c 
KaKHM-jinSo (J)JiyopoxpOMOM, to no cue npoBeneinia penaTypamni ^HK Ha 
npenapaTax c stoh (JmyopecpHHpyiomeH phSocomhoh /(HK, MoncHO bh^ctb, hto 
(J) jiyopecu,eHu,iia oyneT iiaSnionaTbca tojibko b anpBiuiKax HHTep(j)a3HBix kjictok hjih 
TOJ1BKO B 30HaX aflpBIHIKOBBIX OpraHH3aTOpOB MHTOTHHeCKHX XpOMOCOM. TaKHM 
o6pa30M MoncHO b KJieTKax ji0KajiH30BaTB nioObie nocne^OBaTejiBHOCTH /|HK h nance 
pacn oa O'/Ken lie b anpax omenbiibix xpOMOCOM. 3 tot npneivi naabiBaeTca FISH-mctoh 
(({ inyopecHeimiaa in situ TH6pHflH3au,Ha). 

3jieKTpOHHaH MHKpOCKOnHH 

PaccMaTpHBaa x a p a kt e p h c t h k h CBeTOBoro MHKpocKona, MoncHO ySenHTBca, hto 
eflHHCTBeHHbiM nyTeM yBennwenna paapemeinia ormmecKOM CHCTeMBi OyneT 
ncno3B30BaHHe HCTOHHHKa ocBemeHHa, ncnycKaiOHiero bojihbi c HaHMeHBHieii 
flJIHHOH. TaKHM HCTOHHHKOM MO'/KCT 6bITB paCKaneHHaa HHTB, KOTOpaa B 
aaeKTpHHecKOM none BBiSpacBiBaeT noTOK aneKTpOHOB, nocnenHHH mo>kho 
(J)OKycHpOBaTB, nponycKaa wepea MarHHTHoe none. 3to nocnyncHno ochoboh nna 
coanaiiiia aneKTpOHHoro MHKpocKona, b kotopom ynce cennac nocTHrnyTO 
pa3pemeHHe b 1 A (0,1 hm). IIo npHHH,Hny KOHCTpyKipni aneKTpOHHBiii MHKpocKon 
oneHB cxoneH c onTHnecKHM: b HeM ecTB hctohhhk ocBemeHHa (Karo# aneKTpOHHOH 
nyniKH), Konnencopnaa cncTeMa (Koiineiicopnaa MarHHTHaa nHH3a), oObckthb 
(oSBeKTHBHaa MarHHTHaa miH3a), OKynap (npoeKmiomibie MarHHTHBie nmiabi), 
TonBKO BMecTO cemaTKH rna3a aneKTpOHbi nonanaiOT Ha niOMHHe cpnpy k>h],hh 3KpaH 
nan Ha (J)OTonnacTHHKy (pnc. 7). 

OcHOBHaa nacTB TaKoro MHKpocKona npencnaBnaeT co6oh non bin mmniinp 
(KonoHKa MHKpocKona), H3 KOTOporo ot Kan a n B03nyx nna toto, htoObi He 6bino 
B3anMoneHCTBHa aneKTpOHOB c MoneKynaMH ra30B h OKHcneHna BonBcjjpaMOBOH hhth 
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HaicajiHBaHiM b xaTO/je anexTpOHHOH nyrnxH. Menmy xaTO/jOM n anonoM nonaeTcn 
BticoKoe HanpnnceHHe (ot 50 200-5000 kB), hto cnyncHT iiphhhhoh ycKOpemia 

aneKTpoHOB. B ueiiTpe anona ecTB OTBepCTHe, npoxonn wepei KOTOpoe anexTpoHBi 
(J) opMHpyKDT nynox, nay n i nn bhh3 no xonoHxe MHKpocKona. J1hh3bi snexTpOHHoro 
MHKpocKona npeacTaBaaiOT co6on 33 e kt p o m a n in t bi , none KOTOpBix MO>KeT inMennTB 
nyTb 3JieKTpOHOB (xax CTexnnHHBie 3HH3BI imieninoT nyrb (J)otoiiob). B 
KOH^eHCOpHon 3HH3e nynox aneKTpoHOB (J)HKcnpyeTcn n nona^aeT Ha oSbexT, c 
KOTOpBiM aneKTpOHBi B3anMOflencTByK)T, OTxnomnoTcn, paccenBaKDTcn, nornomaiOTcn 
nnn npoxo/pm 6e3 H3MeHeHHa. 3neKTpOHBi, npomeflmne nepe3 o6bckt, 
(jioxycHpyiOTcn oobckthbiioh 3HH30H, KOTopaa (JiopMHpyeT yBennneHHoe nepBHHiioe 
H3o6pa5KeHne oSbexTa. Tax nee xax b cbctobom MHKpocKone, oSbexTHBHan nmm 
onpe/ienneT ero ocHOBHBie noxa3aTenH. IlepBHnHoe rooSpanceHHe yBennnnBaeTca 
npOeKU,HOHHOH 3HH30H H np0eU,HpyeTC3 Ha 3KpaH, nOKpBITBIH 3K)MHHeCU,eHTHBIM 
cnoeM, CBeTaniHMcn npn nona^aHnn Ha Hero anexTpOHOB. Bmccto CBeTnmeroen 
3KpaHa H3o6pa>KenHe mo>xho noMecTHTB Ha (jiOTonnacTHHxy h nonynHTb chhmok. 

HanpnnceHHe, KOTOpoe Hcnonb3yeTcn /pin ycxopeHHn snexTpOHOB b OonbiHHHCTBe 
npOCBeHHBaiOIHHX (TpaHCMHCCHOHHBIx) 3neXTpOHHBIX MHKpOCKOnOB, //ocTHraeT 50- 
150 kB. npn Hanpn>xeHHH b 50 kB snexTpOH oSna/jaeT /pihhoh bohhbi b 0,05 A, h b 
3tom cnynae TeopeTHHecKii mo>xho oblio 6bi nonynHTb pa3pemeHHe b 0,025 A (d ~ 
0,5 A,). Onnaxo b coBpeMeHHBix xoHCTpyxrmnx snexrpOHHbix MHKpocKonoB 

//ocTHraeTcn pa3pemeHHe okojio 1 A H3-3a He/jocTaTonHoii CTaSHJiBHOCTH 
nanpH/Kemm, CTaounBiiocTii Toxa hhh3, neo/niopo/niocTii MCTanna MarHHTHBix jihh3 
h /ipyrax HecoBepnieHCTB npn6opa (TeopeTHnecxH bo3mo>xho eme hobbichtb 
pa3pemeHHe snexTpOHHoro MHxpocxona b 100 pa3). Ho h //ocTHrayToe pa3pemeHHe 
orpoMHO (BcnoMHHM, hto BejiHHHHa O-H CBH3H b Monexyne boabi paBHa 0,99 A): 
oho cennac ynce b 10 6 pa3 BBirne pa3pemaiomeH chocoShocth rna3a! 

Ha sxpaHax h (})OTonnacTii 1 1 rax anexTpOHHbix MHxpocxonoB mo>xho nonynHTb 
yBejnraeHHe //o 50 000 pa3, b //ajiBHeiiHieM npn (jiOTonenaTH mo>xho nojiywrb eme 
lO-xpamoe yBenHHemie, Tax hto xonemioe yBenHienne, npn xotopom Marc h Man b no 
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peanroyeTCfl pa3pemeHne, motkct ^ocTHraTB 10 6 pa3 (HanpHMep, ecjiH 1 mm 
yBeJIHHHTB B 10 6 pa3, TO OH flOCTHTHCT flJIHHBI B 1 KM). 

B HacToanjee BpeMa TJieKTpOHHO-MHKpocKonHHecKoe H3o6pa>KeHHe c 
(J)jiyopecu,HpyK)mero TKpaiia c noMomBio u,Htj)pOBOH TejieKaMepBi nepe^aeTCn npaMO 
b KOMnBKDTep, T^e Ha iKpane MOHHTOpa ero mo>kho o6pa6aTBiBaTB pa3JiHHHBiM 
o6pa30M (H3MeiHITB yBeJIHHeHHe, KOHTpaCTHOCTB H306paiKeHHJI, npHMemiTB 
fleHCHTOMeTpHIO, nJiaHH- H MOp(|)OMeTpHK) OT^eJIBHBIX KOMnOIieilTOB). HcnOJIB3ya 
npHHTep mo>kho nojiyHHTB OTnenaTKH nojiyneiiHBix H3o6pa>KeHHH. 

MaKCHMajiBHoe pa3pemeHHe ojieKTpOHHoro MHKpocKona (3M) peajiroyeTCn 
cennac tojibko npn HCCJieflOBaHHH MeTamiOB hjih KpHCTajuiHHecKHx pemeTOK. Ha 
Ohojiothhcckhx oSBeKTax TaKoro pa3pemeHHa nojiyHHTB noxa He y^aeTca H3-3a 
HH3KOH KOHTpaCTHOCTH oSBCKTa. BHOJIOTHHeCKHe oSbCKTBI HCCJieflOBaHHa B 3M 
noMeuiaiOTCH Ha MeanBie ceTOHKH, noKpBiTBie tohkhmh njieHKaMH - n on Ji o >k k a m ii 
( cjDOpMBap, KOJiJioflHH, yraepon), coctojhhhmh b ochobhom H3 yraepona. 
BHOJiorHHecKHe oSbcktbi TaK5Ke b ochobhom coflep>KaT yraepon h, cjienoBaTejiBHO, 
Majio no njioTHOCTH oyayT OTJiHnaTBCB ot (J)OHa, OyayT Majio KOHTpacTHBi. noKa3aHO, 
HTO MHHHMaJIBHaa TOJHHHHa OHOJIOTHHeCKOTO oOBCKTa C nJIOTHO CTBK) OKOJIO 1 t/cm 3 , 
BBiaBJiaeMoro npn ycKopmomeM nanpH/Kenmi b ojieKTpOHHOM MHKpocKone 50 kB, 
paBHa 50 A. BHpycBi, pacnojiojKeHHBie Ha noaaepncHBaioiHeH njieHKe, 6yayr bh^hbi b 
3tom cjiynae b Biiae OeccTpyKTypHBix miTeH, a MOJieKyjiBi HyKJieHHOBBix khcjiot 
(TOJHHHHa ^HK paBHa 20 A ) BOoOme He bh^hbi H3-3a hh3koto KOHTpacTa. KoHTpacT 
SHOJIOTHHeCKHX oObCKTOB MO'/KIIO nOBBICHTB, HCnOJIB3yn TH/KCHBie MCTaJIJIBI HJIH HX 
COJIH. 

KoHTpacTHpoBaHHe KopnycKyjiHpHbix oObcktob 

KopnyCKyjMpHBIMH oObeKTaMH MO'/KIIO Ha3BBTB HaCTHHKH BHpyCOB, cjiaroB, 
BBi^ejieHHBie KJieTOHHBie komhohchtbi (phOocombi, MeMSpaHBi, BaicyojiH h t.^.), 
MaKpOMOJieKyjiBi. 

OflHHM H3 HIHpOKO paCnpOCTpaHeHHBIX MCTOHOB KOHTpaCTHpOBaHHH 
SHOJiorHHecKHx oObcktob nBJiaeTCn OTTeHeHHe MeTajuiaMiH. B ttom cjiynae b 
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cneiinanbHbix BaicyyMHBix ycTaHOBKax nporoBoaHTCH tc p m h h e c ko e nenapeHHe 
MeTajiaa. npn 3tom aTOMBi MeTajiaa paaaeTaiOTca ot MecTa Hcnapenna no npaMBiM 
TpaeKTOpnaM. BcTpeaaacB c oSbcktom, ohh ocaacaaiOTca Ha HeM b BHae caoa; ero 
TOJiniHHa 6yaeT SojiBme b MecTax, nepnenaHKyaapnbix HanpaBJieHHK) noneTa aacTim, 
MeTanna. B yaacTKax, me o6bckt OKpaHHpyeT nyaoK nacTiiu,, B03HHKHyT «TeHH». 
TaKHM o6pa30M , nanbiaennaa aacTB o6i>eKTa oOaaaaeT SoaBmen naoTHOCTBK), hcm 
nanbiaennaa noaaoacKa ((J)oh), h nosTOMy o6bckt oyaeT Bnaen. 3tot Meroa rnnpOKO 
npiiMenaeTca He tohbko ana ko i it paca m po Bai i na BiipycoB, p moo com, ho ii ana 
aocTaTOHHO tohkhx MoaeKya HyKaenHOBBix KHcaoT. MnHyc 3Toro MeToaa b tom, hto 
oh npHBoaHT k yBeanneniMO pa3MepOB oOreKTa Ha tom many HanBiaeHHoro caoa, 
KOTOpBiH b ayarneM cayaae aocTHraeT 10-15 A. ^pyroii HeaocTaTOK ero b tom, hto 
oh aaeT HH(f)opMai],HK) ToaBKO o BHeniHeM BHae h oOreMe aacTHu,. ,Z],aa 
KOHTpacTHpOBaHHa OTTeHeHneM HcnoaB3yeTca naaTHHa, naaaaann, hx cnaaBBi, ypaH. 

npH HeraTHBHOM KOHTpacTHpoBaHHH oSbcktob pacTBOpaMH coaeii TaaceaBix 
MeTaaaoB npHMeHHiOT MoaHSaeHOBOKiicaBiH aMMOHHH, ypaHHaapeTaT, (j)oc(J)opHO- 
BoaBcjjpaMOByio Kncaory (<DBK) (pnc. 10). Echh BoaHBie pacTBOpBi TaKHx BemecTB 
CMemaTB c OHoaornae ckhmh oSBeKTaMH, a 3areM hx HaHecm Ha naeHKH-noaaoacKH 
h BBicyuiHTB, to oObcrtbi (HanpHMep, BnpycBi nan OeaxoBBie KOMnaeKCBi) OKaacyrca 
Kax 6bi norpyaceHHBiMH b tohkhh caoii aMOp(J)Horo BemecTBa bbicokoh naoTHOCTH. B 
aaeKTpOHHOM MHKpocKone ohh BBiraaaaT Kax CBeTaBie oSBeKTBi Ha tcmmom (J)OHe 
(xaK (j)OTOHeraTHB). IIpeHMymecTBa Meroaa b tom, hto pacTBOpeHHBie conn MoryT 
npoHHKaTB b ray 6b oOaeKTa h BBiHBaaTB aonoaHHTeaBHBie ero aeTaan. HeraraBHoe 
KOHTpacTHpOBaHne rnnpOKO npn MenaeT ca npn H3yaeHHH BHpycoB, (J)epMenTMBix 
KOMnaeKCOB MCMOpan. HnTaaTBie MoaeKyaBi HyKaenHOBBix KHcaoT sthm MeToaoM 
bbihbmhiotch naoxo H3-3a hx Maaoii Toaunnibi. 

Coan TH>Keabix MeTaaaoB mohcho HcnoaB30BaTB npn Tax Ha3BiBaeMOM ho3hthbhom 
KOHTpacTHpoBaHHH. B 3tom cayaae KonTpacanpyiomee BeipecTBO CBH3BraaeTCH co 
CTpyKTypoii, noBBimaeT ee aaeKTponnyio naoTHOCTB. Macro ana ho3hthbhoto 
KOHTpacTHpoBaHHH HyKaenHOBBix khchot HcnoaB3yiOT pacTBOpBi ypaHHaapeTaTa B 
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cmipTe hjih b aueTone. ypamuiapeTaT, KOiiTpacTupya HyKJieHHOBBie khcjiotbi, 
xopomo npoKpaniHBaeT peHTpajibHbie nojiocTH ccjiepHHecKHx BHpycoB, 3HaHHTejibHO 
noBtimaeT KOHTpacT phSocom h no3BOJiaeT BHaeTb tohkhc hhth BbiaejieHHbix 
HyKJieHHOBBIX KHCJIOT. 

yjlbTpaMHKpOTOMHH 

npH H3yneHHH oSbeKTOB B 3JieKTpOHHOM MHKpOCKOne B03HHKaeT eme OflHO 
ocao'/Knemie - 3to hx TOJiimma. ^eao b tom, hto npn npoxo/Kneniin nyHKa 
3JieKTpOHOB nepe3 oSteKT nacTb ajieKTpOHOB noraomaeTca, hto npHBoaHT k 
HarpeBaHHK) oSbeicra h k ero ae^opMaipni. IIosTOMy HeoSxoaHMO HMeTb tohkhc 
oobCKTbi (He Bbirne 0,1 mkm). ,Z],pyroe orpamiHemie 3aKjHOHaeTca b tom, hto aaace 
ecjiH mm SyneM paccMaTpHBaTb HeH3MemHomHeea oSbexTbi Sojibmoii tojihikhm 
(okojio 0,5-1 mkm), hto b npHHu,Hne bo3mo5kho (HanpHMep, b MeraBOJibTHOM 
3JieKTpOHHOM MHKpOCKOne, CM. HH5Ke), TO Ha KOHCHHOM H306pa>KeHHH 6yHyT 
HaejiaHBaTbCH npoeKu,HH CTpyxryp, p ac n oji a ra io m h xc a Ha pa3Hbix ypoBiiax no 
TOJlHJHHe oObCKTa. TeM CaMbIM HSynaTb B TpaHCMHCCHOHHbIX MHKpOCKOnaX 
BHyTpeHHee CTpoemie pejibix khctok njioxo h neyaoono. Bbixoa H3 stoto nojioaceHHa 
aHajiorHHeH TOMy, hto 6bijio iiaMaeno ana cbctoboh MHKpocKonnH, - aejiaTb epe3bi 
oneHb Majioii tojihihhbi, yjibTpaTOHKHe epe3bi (0,05-0,10 mkm). 

npopeaypa hx H3TOTOBJieHHa b npHHH,Hne cxoaHa ctoh, hto Hcnojib3yeTca b 
CBeTOBOH MHKpOCKOnHH. KjieTKH H TKBHH J\Jl% 3TOTO CHaHaJia (J)HKCHpyK)T. B KBHeCTBe 
(jDHKcaTOpOB Hcnojib3yK)Tca 6y(j)epHbie pacTBOpbi rayTapOBoro ajibaernaa hjih 
HeTbipexoKHCH ocmhh. HanSo-ree nacTO npHMeHaeTca aBOHHaa (J)HKcau,Ha: CHanajia 
rayTapOBbiH ajibaerna, a 3aTeM ocmhh, KOTOpbin ktik th/KChbih MeTajui 
KOHTpacTHpyeT KJieTOHHbie CTpyKTypbi. 3aTeM, noejie o6e3BO>KMBanMH, TKami 
npOnHTbIBaKDTCa 3nOKCHaHbIMH CMOJiaMH HJIH apyrHMH nJiaCTHKaMH B /KHHKOH, 
MOHOMepHOH (j)opMe. npn nojiHMepH3au,HH TaKHx njiacTMaec nponHTaHHbiH hmh 
oObeKT OKasbiBaeTca 3aKJHOHeHHbiM b TBepatie 6jiokh, KOTOpbie yace mo>kho pe3aTb 
Ha TOHKHe epe3bi. 3aecb B03HHKaK)T ace npoSjieMbi: rae b3htb HaeajibHbie Hoacn, 
H3baHbi KOTOpbix He CKa3biBajiHCb 6bi npn H3yneHHH KJieTOK Ha noHTH MOJiexyjiapHbix 
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ypOBHsx, h KaK H3roTOBHTb cpe3bi tojihihhoh b coTbie AOJiH MHKpOHa. nepBaa 33. Jim a. 
StiJia pemeHa TaxHM o6pa30M: oxa3ajiocb, hto H^eanbHO ocTpoii h 6e3 3a3y6pHH 
pOKymeii noBepxHOCTBK) o6na,n,aK)T ckojibi CTeKna (pnc. 11). Ho CTexjniHHbie ho>xh 
oweim nenonroBewiibi, hx Hcnojib3yiOT tojibxo o^hh pa3. npiiMeimoT anMa3Hbie 
ho>xh: 3to cnepHanbHbiM o6pa30M 3aTO L iemibie Mejixne anMa3bi, ohii cny^Kar b 
T ewenne HecKOJibKHx aeT. 

npo6neMa H3roTOBJieHHa CBepxTOHKoro cpe3a 6bina pemeHa TO>xe, Ka3anocb 6bi, 
npocTO - 3to TepMHnecKaa non an a oSbeicra. Bjiok c aaxjnoHeinibiM b njiacTMaccy 
oSbeKTOM KpeniiTCH Ha m ct an a h h e c xo m CTepmie, xoTOpbiil narpeBaeTca h TeM 
caMbiM npo^BHraeT oSbexT Bnepen Ha onpenejieHHyio BejiHHHHy 3a H3BecTHoe 
BpeM^. H ecjiH 3Ty TepMHnecxyio nonany coraacoBaTb c p h t m m h e ck h m h pnxjiaMH 
pesaima, to mo5kho noilyHHTb cepHH cpe30B 3a^aHHOH Toamniibi. 3to nocTiiraeTCfl 
npn Hcnonb30BaHHH cneu,nanbHbix npHOopoB - ynbTpaMHKpOTOMOB . CymecTByiOT 
KOHCTpyKpini ynbTpaMHKpOTOMOB, rne nonana oSbexTa ocymecTBaaeTca 
MexammecxH. 

Rnomanb nonynaeMbix yjibTpaTOHXHx cpe30B oSbiHHO oneHb Majia (0,1-1 mm 2 ), 
nosTOMy Bee onepaunn npn yjibTpaMHxpOTOMHpOBaHHH Hnyr non 
M H K p O CKO n H H e C K II M XOHTpOJieM. Cpe3bl, CMOHTHpOBaHHbie Ha eeTXaX C HOHilO/XKOH, 
neoSxoHHMO nonojnnrrejibHO xoHTpacTHpOBaTb - «oxpamHBaTb» c nowombio coneii 
Ta>xejibix MeTamiOB. B 3tom cjiynae Hcnojib3yiOT Taxnce cojih CBHHpa h ypaHa, 
XOTOpbie CBH3BIBaaCb C B II y T p H K3 CTO HI I bl M M CTpyXTypaMH Ha Cpe3e, n03HTIIBH0 HX 
XOHTpaCTHpyiOT. 

TexHHxa inroTOBneniia yjibTpaTOHXHx cpe30B OTxpbiJia orpoMHbie bo3mo>xhocth 
A na npuMeiiemiH 3JiexTpOHHOH MHxpocxomni SyxBajibHO bo Bcex oSjiacTax 
Shojiothh h Memimnibi 

3T0T M6TOH n03B0JI^eT npHMeiHITb HIlTOXHMHHeCKIie npneMbl Ha ypOBHe 
3JiexTpOHHOH MHXpocxonHH: b nainiOM cjiynae iieoSxoaHMO, l ito6bi nponyxTbi 
peaxpHH SblJTH 3JieXTpOHHOnJ!OTHbIMH, OTXJIOHflJIH 6bl 3JieXTpOHbI. KpOMe TOTO, 
peaxu,HH He HOH>xiibi npiiBOHHTB x noHBaeiiHio apTe(|)axTHbix xapTHH y>xe Ha 
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yjiBTpacTpyKTypHOM ypOBHe. Hhcjio h h t o x h m m h e c k m x mcto/iob b sjieicrpOHHOH 
MHKpocKonnn noica He BejiHKO, ho 3to HanpaBJieHHe hhtchchbho pa3pa6aTBiBaeTca. 

B 3JieKTpOHHO-MHKpOCKOnHHeCKHX HC CJie^O BaHHHX OKa3aJIOCb B03M05KHBIM 
npHMeHHTB MeTOflBi paaHoaBTorpa(j)nn . B stom cjiynae ncnoabsyiOTcn 
CBepxT0HK03epHHCTbie 3MyjibCHH (BejiHHHHa rpaHyn okojio 0,02-0,06 mkm). 
He^ocTaTKOM stoto MeTO,na HBjnieTCfl oneHb Sojibinoe BpeMH 3Kcno3HH,HH, b 
HeKOTOpbix cjiynaax nocTiiraiomiie HecKOJibKHx MecaueB. 

Bee Sojibmee npiiMenemie nojiynaiOT MeTOflbi npHroTO b neHHa yjibTpaTOHKHx 
cpe30B 6e3 (J)HKcau,HH h 3ajiHBKH KJieTOK b TBepflbie njiacTMaccbi. 3to MeTOflbi 
KpHOyJIbTpaMHKpOTOMHH, T.e. nOJiyHCHHe Cpe30B C 3aMOpO>KeHHbIX TKaHeil, 
MOMeHTajibHO oxjiajK^eHHbix no TeMnepaTypbi >KHflKoro a30Ta (-196°C). IIpH stom 
npoHCxo^HT npaKTHnecKH oanoMOMeiiTiioe TOpMOKeHHe Bcex m e t a 6 o a h h e c k h x 
npopeccoB, a boh a H3 >khakoh (j)a3bi nepexo^HT b TBepnyio, ho He KpHCTajuiHHecKyio, 
ee MOJieKyjiapHaa CTpyicrypa oecnopanoHiia (cTeKJiOBHflHoe cocToamie). Taioie 
TBepflbie 6jiokh npn TeMnepaType >KHflKoro a30Ta mo>kho pe3aTb Ha yjibTpaTOHKHe 
cpe3bi (no'/K npn stom TaioKe oxjia/Knen). IIojiyHeHHbie cpe3bi Hcnojib3yK)T 
BbiaBJieHHa b hhx aKTHBHOCTH (j)epMeHTOB, j\jik npoBeneHmi Ha HHX 
HMMyHOXHMHnecKHx peaKpHH, fljia (j)epMeHTaTHBHoro nepeBapuBainoi h T.n. 

npoBeneinui h m m y h oxh m hh e c khx HCcaeaoBaniiH Hcnojib3yiOT aHTHTejia, 
CBM3aHHbie c HacTimaMH kojuioh^hoto 30Ji0Ta, jiOKajiH3au,Ha KOTOporo Ha 
npenapaTax h yKa3biBaeT Ha MecTa pacnojio>KeHHa hckomoto aHTHreHa. 

HayHemie cpe30B, nojiyneHHbix Ha KpHoyjibTpaTOMax, n 0 Ka 3 a.no, hto oouiaa 
CTpyxiypa h KOMnoBimim KJieTOHHbix komhohchtob b nannoM cjiynae Mano 
OTJIHHaiOTCfl OT TOTO, HTO BHflHO npH HCn0JIb30BaHHH XHMHHeCKOH (j)HKCaU,HH H 
oSbiHHbix np lie mob nojiyneHna yjibTpaTOHKHx cpe30B. CnenoBarejibHO, Te 
CTpyKTypbi, KOTOpbie hmciot onnnaKOByio komho3hu,hio npn pa3Hbix MCTonax 
o6pa6oTKH MaTepnajia, n o - b n a n m o m y, 6jih3kh k CBoeMy npn>KM3nennoMy CTpoeHHK), 
He HBJHHOTCH apTe(J)aKTHbIMH. 
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B nonB3y 3Toro TOBOpaT ^amibie no MCcneHOBaiiHio kjictok c iiomolhbio hhbix 
npneMOB aneKTpOHHOH MHKpocKomiH. 

,Z],na Hiynenna CTpyKTypBi painnHiibix MeMopainibix KOMnoHeHTOB kjictkh 
ncnojiB3yeTca mctoh 3aMopa>KHBannn— CKajibiBanmi. Oh 3aKjnonaeTca b tom, hto 
oSbckt CHanana SbiCTpo 3aiviopa/KH bbiot hchhkhm a30T0M, a 3aTeM npn toh ace 
TeMnepaiype nepenocHT b cnemianbnyio BaKyyMHyio ycTaHOBKy. TaM 
3aMOpO>KeHHBIH oSbCKT M 6 X a II H H 6 C K H M CnOCOOOM CKaHBIBaeTCH OXaa'/KaeiniblM 
ho}kom. npn 3tom o6na>KaiOTca BHyTpeHHiie 30hbi 3aMopo'/Keniibix kjictok B BaKyyMe 
nacTB BOflbi, nepemeflinen b CTeKHOBHHHyio (J)opMy, B03roHaeTca («TpaBJieHne»), a 
noBepxHOCTB CKOJia nocnenoBaTenBHO noKpbiBaeTca tohkhm cnoeM ncnapeHHoro 
yrnepona, a 3aTeM MeTajuia. TaKHM o6pa30M c aaMopo/Kcmioro n coxparonomero 
npn5KH3HeHHyio CTpyKTypy MaTepnana nonynaiOT penjinxy c ero CKOJia (pnc. 12). 
3aTeM yace b ycnoBHax KOMHaTHon TeMnepaTypbi TKaHB hjih kjictkh pacTBopaiOT b 
KHCJiOTax, ho njieHKa-penjHiKa npn 3tom ocTaeTca uena, ee naynaiOT b uiCKTponnoM 
MHKpocKone. 3tot mctoa HMeeT flBa npeHMymecTBa: roynaiOT penjiHKH co ckojiob 
HaTHBHBix o6pa3H,OB; HCcaejiyiOT pea bee}) noBepxHO cth MCMopan khctkh, hto 
He^ocTHacHMO npyrHMH MCTOjiaMH. OKa3anocb, hto h b 3tom cnynae o6maa 
opraHH3au,Ha khctkh ii ee komhohchtob cxonHa c tcm, hto mbi bhhhm npn 
XHMHHeCKOH (J)HKCaH,HH HJIH npH KpHOTOMHH. 3T0T MCTOH II 03 BOH MH yBHHCTb, HTO KaK 
Ha noBepxHOCTH, Tax h b muinine khcto hiibix MeiviSpaii pacnonaraiOTca rno6ynbi 
HHTerpaHBHBIX SeHKOB, HTO MeiVlSpailBI He OHHOpOHIIBI nO CBOeil CTpyKType. 

MeTOfl nonyHeHHH perniHK c MHKpopenBecjia o6pa3H,a miipOKO npHMeHaeTca npn 
H3yHeHHH ([jHopHHjiHpnBix KOMnoneiiTOB KneTKH. Tax npn H3yHeHHii HHTOCKeneTa 
KneTOK KyHBTypBI TKaHH HHH (J)OpMeHHBIX 3HCMeHT0B KpOBII KHCTKH 06 pa 6 aTBIBai 0 T 
hot ep renTaxi h ana toto, hto6bi pacTBOpiiTB Bee MeiviSpaiiBi. 3to npuBOHHT k TOMy, 
HTO H3 KHeTKH BBIMBIBaiOTCH BCe KOMnOHCHTBI, KpOMe (jlHSpHHHapHBIX OCHKOBBIX 
KOMnoHeHTOB HHTOCKeneTa h MaTepnanbi aapa. TaKHe npenapaTBi 3aTeM 
(J)HKCHpyiOTca, o6e3B05KHBaiOTca h cneHiianbHBiM o6pa30M cymaTca. Bcnen 3a 3thm 
cyxne npenapaTBi HanbiJiaiOTca yrnepoaoivi h KOHTpacTHpyiOTca pacnbiHeHHeM 
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Taacejibix MeTannoB, nocne Hero Taxaa peiuiHKa CHHMaeTca co CTeKJia, Ha kotopom 
POCJ1H KJieTKH, H npOCMaTpHBaeTCH B TpaHCMHCCHOHHOM OJieKTpOHHOM MHKpOCKOne. 

^pyme cnepiiajibHbie MeTo^bi TJieKTpoHHOM mmkpockoihm 6HOJiomHecKiix 
oSbeKTOB 

B nocjie^Hee BpeMH HanHHaiOT npHMeHHTb MeTo^bi BbicoKOBOJibTHOH (BepHee, 
CBepxBbicoKOBOJibTHoii) MHKpocKonim. CKOHCTpyHpOBaHBi npHSopbi C yCKOpflIOmHM 
HanpajKeHHeM 1-3 mjih. bojibt. 3to oneiib aopome ripnoopbi, hto caep>KHBaeT hx 
miipoKoe npHMeHeHiie. ripen My uicctbo 3Toro KJiacca 3JieKTpOHHbix MHKpocKonoB He 
b tom, hto Ha hhx M05KH0 nojiyHHTb 6onee BbicoKoe pa3pemeHHe (npn 6onee 
KOpOTKOH flJIHHe BOJTHBI 3JieKTpOHOB), a B TOM, HTO npH BbICOKOH 3HepTHH 
3JieKTpOHOB, KOTOpbie MeHbuie noraouiaiOTca oSbcktom, mo>kho npocMarpiiBaTb 
o6pa3U,BI SoJIbHIOH TOJTHIHHBI (1-10 MKM). ^OnOJlHHTeJIBHOe HCn0Jlb30BaHHe 
CTepeocKonHHecKOH cbcmkh no3BOJiaeT nojiyHHTb HH(J)opMau,HK) o TpexMepHOH 
opraHH3au,HH BHyTpHKJieTOHHBix CTpyKTyp c BbicoKHM hx pa3peuieHHeM (okojio 0,5 
hm). 

MeTO^ CKaHHpyiomeH (pacTpoBofi) 3JieKTpoHHoii mhkpockoiiiih no3BOJiaeT 
H3ynaTb TpexMepHyio KapTHHy noBepxHOCTH KJieTKH. npH CKanupyiomen 
3JieKTpOHHOH MHKpocKoraiH tohkhh nyHOK 3JieKTpOHOB (30H^) npoSeraeT no 
noBepxHOCTH oSbeicra h nonyHeHHaa HH(j30pMau,Ha nepe^aeTca Ha ajieicrpOHHO- 
jiyneByK) TpySxy H3o6pa>xenne MO>KeT Obitb nojiyneHO b OTpa>xennbix hjih 
BTOpHHHbIX 3JieKTpOHaX. IIpH 3TOM MCTOHC (|)HKCHpOBaHHbIH H CnepiiaJIbHblM 
o6pa30M BbicymeHHbiH oObeicr noKpbiBaeTca tohkhm cnoeM HcnapeHHoro MeTanjia 
(name Bcero 30Ji0Ta), OTpaacaacb ot KOTOporo ajieKTpOHbi nona^aiOT b npHeMHoe 
ycTpoiiCTBO, nepeaaiomee CHraaji Ha 3JieKTpOHHO-JiyHeByio TpySxy. Baaroaapa 
orpOMHOH nnyOnne (j)OKyca CKanupyiouiero MHKpocKona, KOTOpaa 3na L iHTeabiio 
Sojibuie, neM y npocBewMBaiomero, nojiynaeTca noHTH TpexMepHoe inoOpa/Kenne 
HCCJieAyeMOH noBepxHOCTH. Pa3pemaioiii;aa enocoSHOCTb 3Toro Tima npn6opOB 
HecKOJibKO HHace, neM y npocBenHBaiomHx 3JieKTpOHHbix MHKpocKonoB, ho yace 
cennac BbinycxaiOTca npHSopbi c pa3pemeHHeM 3-5 hm (pnc. 13). 
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C nOMOmbK) paCTpOBOH 3JieKTpOHHOH MHXpOCXOnHH M05KH0 IIOJiyHHTB 
HH(J)OpMaU,HK) O XHMHHeCKOM COCTaBe B TCX HJ1H HHbIX ynaCTXaX KJieTOK. Tax, MeTOfl 
peHTreHOcneKTpajiBHoro MHKpoaHanH3a ocHOBaH Ha HaeHTHcjDHxapHH h 
KOJiHHecTBeHHOH opeHxe coaep'/KaiiHH xhmhhcckhx 3JieMeHTOB no cnexTpaM 
x a p a kt e p n c t h h e c ko ro peHTreHOBCKoro MsayHeniia, BOSiiHxaiomero npn 

B3aHMOfleilCTBHH nepBHHHBIX 3JieKTpOHOB C aTOMaMH OOBCKTa. nOJiyneHHM TaKOH 
HH(J)opMau,HH, xonemio, oSbCKThi He caeayeT noxpbiBaTb cnoeivi MCTaaaa, xax npn 
oSbihhom MCToae cxaiinpyiomeH saexTpoHHOH MHKpocKonHH. Eoaee Toro, oSbckt 
HyacHO noaroTOBHTb Tax, hto6bi He 6biao noTepn nan aonoa 1 1 htch b no ro Biiecemia 
aaeMeHTOB. ^aa stoto Hcnoab3yK)T 6biCTpo 3aMopo>xeniibie h BbicymeHHbie b 
BaxyyMe oSbexTbi. 

<J>paKUHOHHpoBaHHe KaeTOK 

B pHToaornH ninpoxo npuMenaiOT pa3aHHHbie MCToabi ohoxhmhh, xax 
aHaaHTHnecxHe, Tax h npenapaTHBHbie. B nocaeaneM cayaae MoacHO noaynHTb b 
BHae OTaeabHbix (])paxi],HH pa3HOo6pa3Hbie xoMnoHeHTbi h roynaTb hx xHMHnecxHH 
cocTaB, yabTpacTpyxiypy h cbohctbb. Tax, b nacToamee BpeMa b BHae hhctbix 
(J)paxu,HH ncaynaiOT npaxTHnecxH aio6bie xaeTOHHbie opraHeaabi h CTpyxTypbi: aapa, 
aapbimxH, xpOMaTHH, aaepHbie oSohohkm, n a a3 m arane cxy i o MCMopany, Baxyoan 
3 h ao n a as m bt h h e c ko ro peTHxyayMa, ero pnoocoMbi, pnoocoMbi maaonaasMbi, 
annapaT ToabaacH, MHTOxoHapHH, hx MCMopaiibi, naacTHabi, nepoxcncoMbi, 
MHxpOTpySonxH h T.a., h T.n. B nocaeaHee BpeMa noayaeHbi HHCTbie (j)paxu,HH 
peHTpHoaen h aaepHbix nop. 

noayneHHe xaeTOHHbix (J)paxu,HH HanHHaeTca c o6mero pa3pymeHHa xaeTXH, c ee 
roMoreHH3au,HH. 3aTeM H3 roMoreHaTOB yace MoacHO BbiaeaaTb cjipaKmni. OaHHM H3 
ocHOBHbix cnocoSoB BbiaeaeHHa xaeTOHHbix CTpyxiyp aBaaeTca aH(J)(j)epeHu,HaabHoe 
(pa3aeaHTeabHoe) HeiiTpHcjiyrnpoBaiiiie. IlpHHu,Hn ero npuMeiieima b tom, hto 
B peMa aaa oca>xaeiiiia hbcthh b roMoreHaTe 3 bbhcht ot hx pa3Mepa h naoTHOCTn: 
neM SoabHie nacTHpa nan neM OHa Taaceaee, TeM SbiCTpee OHa ocaaeT Ha ano 
npooHpKii. Btoobi ycxopHTb 3 tot npopecc oceaaima, Hcnoab3yK)T ycKopemiH, 
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C03^aBaeMtie ii,eHTpH(|)yroH. IIpH u,eHTpH(J)yrnpOBaHnn paHBme Bcero h npH 
HeSojiBniHx (1-3 tbic. g)ycKopennax ocaayr aapa h Hepa3pymeHHBie kjictkh, npn 15- 
30 tbic. g ocaayr KpynHBie aacTHiiBi, MaicpocoMBi, cocToaniHe H3 MHTOxoHapHH, 
MenKHx naacraa, nepOKCHCOM, jih30C0m h ap-, iipn 50 tbic. g ocaayr mhkpocombi, 
(JiparMeHTBi BaicyoaapHOH chctcmbi kjictkh. IIpH noBTOpHOM apoonoM 
H,eHTpH(jiyrHpOBaHHH sthx CMemaHHBix nojicJipaKiiHH mo>kho nojiyniiTB hmctbic 
(|)paKu,HH. TaK, npH pa3aeaeHHH MaKpocoMHoii noa(|>paKii,HH noayaaiOT OTaeaBHO 
MHTOXOHflpHH, JIH30C0MBI, nepOKCHCOMBI. IIpH pa3^eJICHHH MHKpOCOM MO'/KIIO 
nojiyHHTB (jipaKu,Hio MCMopan annapaTa ToaBaacH, (jipameHTOB n a a3 m aT n h e c ko il 
MeMSpaHBi, BaKyojieii, rpanyaapnoro peTHKyjiyMa. B caynaax 6ojiee tohkoto 
pa3aeaemia (J)paKu,HH ncnoaBiyiOT HenTpucjiynipoBaime b rpaaiieiiTC naoTHOCTH 
caxap03Bi, hto noiBoaaeT xoporno pa3aeanTB komhohchtbi, aaace neaiaHiiTcaBno 
OTanaaiomHeca apyr ot apyra no yaeaBHoi! Macce. 

noayneHHBie (jipaKii,HH, npeacae aeM hx aHaaronpOBaTB Ohoxhmhhcckhmh 
cnocoSaMH, HeoSxoaHMO npoBepHTB Ha ancTOTy c noMoniBio aaeKTpOHHoro 
MHKpOCKOna. 

nojiyneHne OTaeaBHBix ktctohhbix komhohchtob aaeT bo3mo>khoctb HiywaTB hx 
ShOXHMHIO H (J)yHKII,HOHaJIBHBie OCOSeHHOCTH. TaK M02KH0 C03aaTB 6eCKJieTOHHyH) 
CHCTeMy aaa phOocom, KOTOpBie 6yayr CHHTe3HpOBaTB 6eaoK no 3aaaHHoii 
TKcnepHMeHTaTOpOM HH(jiopMaii,HOHHOH PHK, BBiaeaeHHBie MHTOxoHapHH b 
noaoopamiBix ycaoBnax MoryT ocymecTBaaTB chhtc3 ATO, Ha BBiaeaemiOM 
xpOMaTHHe npn ynacTHH cooTBeTCTByiouinx (jiepMeHTOB mo/KCt nponcxoanTB chhtc3 
PHK h T.a. 

B nocaeaHee BpeMa npnMeHaiOTca SecKaeTOHHBie chctcmbi a-Jia B0CC03aamia 
KaeTOHHBix HaaMoaeicyaapHBix CTpyKTyp. TaK, ncnoaB3ya omiuieniiBie ot rpaHya 
aceaTKH, 3KCTpaKTBi u,HTonaa3MBi aim 3eMHOBoaHBix nan aim MOpCKHx eaceii, mo/Kiio 
noayaHTB aapa c aaepHoii oOoaoHKOii H3 BBeaeHHoii b 3Ty OecKacTomiyio CHCTeMy 
ayacepoaHoii ^,HK (HanpHMep ,ZJHK oaKTcpmxjiara). TaKaa ^HK CBa3BiBaeTca c 
SeaKaMH-rncTOHaMH, KOTOpBie ecTB b h36bitkc b TaKOM 3KCTpaKTe, o6pa3yeTca 
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xpOMaraH (ae30xcHpH6oHyxaeonpOTeHa), xoTOpbiii noxpbiBaeTca abohhoh 

MeMSpaHHOH oSojiohkoh, Hecymeii aaace aaepimie nopti. TaKHe Moaeabimie CHCTeMbi 
noMoraKDT roynaTb TOHxne, HHTHMHbie npopeccbi, HanpHMep TpaHcnopT 
MaKpOMOJieKyn 113 H,iiTonaa3Mbi b aapo h naoSopoT. B lui to n a a 3 m amn e cxhx 
3KCTpaKTax aim seMiiOBoanbix h Hraoxoacnx Takme aapa MoryT nepMoamieckn 
aeanrbca nyTeM MHT03a. 3th Moaean BHecan orpoMHbiH Bxaaa b pacmH(j}pOBxy 
npiipoabi peryaamni xaeTOHHoro mmaa. 

EojibiHOH Bxaaa b SnoaorHio xaeTXH bhooit MeToabi kjictohhoh nH>xenepnM. 
Ebiao iiaHaeno, hto paaanmibie acHBbie xaeTXH MoryT caimaTbca apyr c apyroM, ecan 
cneunaabimiMH cnocooaivm o6pa6oTaTb hx naasiviaTMHecKHe MCMopaiibi. Tax MoacHO 
caHTb TpHTpopiiT xypHpbi h aHM(J)OH,HT neaoBexa. IIpH 3tom noaynaeTca aByaaepnaa 
xaeTxa, reTepoxapnoH, b kotopom nponcxoanT axTHBaima aapa Kypimoro 
3pHTpon,HTa (pHC.14). EcaH reTepoxapHOH oopasyeTca H3 6aH3KopoacTBemibix 
xaeTOK (HanpHMep, mbihih h xoManxn), to npn BCTynaeHHH hx b mhto3 xpOMOCOMbi 
MoryT oSbeaHiiiiTbca b oany MeTa(f)a3iiyio naacTHHKy. Ilocae paaaeaenna Taxon 
xaeTXH noayHHTca hcthhho rnopHanaa xaeTxa. ^pyrne npHeMbi no3BoaaiOT 
xoHCTpynpOBaTb xaeTXH H3 pa3Hbix no npoMCxoacaeimio aaep h u,HTonaa3Mbi (pnc. 
15). Tax, pa3pyiHHB axTHHOBbiH xoMnoHeHT piiTOCxeaeTa h noaBepmyB xaeTXH 
H,eHTpH(j3yrHpOBaHHK) mo'/Xiio xaeTxy paaaeaHTb Ha ase wacTH : aapo c y3XHM 
oSoaxoM u,HTonaa3Mbi - xapnonaacT h Ha ocaaBrnyiocH aacTb n,HTonaa3Mbi - 
miTonaacT. 3aTeM ncnoabaya pa3Hbie xapnonaacTbi h miTonaacTbi, MoacHO co3aaBaTb 
pa3Hbie xoM6HHau,HH pexoHCTpynpOBaHHbix xaeTOx. 

MeToaxi xaeTOHHOH HHaceHepHH mnpoxo npHMeiiaiOTca He Toabxo b 
axcnepHMeHTaabHOH SnoaorHH, ho ii b OHOTexiioaonmeckmx ueaax. HanpHMep, npn 
noayneHHH MOHOxaoHaabHbix aHTHTea iicnoabayiOTca kaeTommie rn6pHabi Meacay 
aHM(j)OU,HTaMH HMMyHH3HpOBaHHbIX aCHBOTHbIX H HHTeHCHBHO pa3 M 1 1 0/ka 10 IH H M M C H 
xaeTxaMH MneaoMbi. noayHemibie nepBimimie aHkapnoimi o6pa3yiOT HCTHHHbie 
rnSpHaHbie xaeTXH, xoTOpbie HHTeHCHBHO pa3MHoacaiOTca 3a cneT reHOMa 
onyxoaeBbix MiieaoMiibix xaerox, h oaHOBpeMeHHO BbiaeaaiOT Soabmoe xoanaecTBO 
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aHTHTen, 3a chct paSoTbi reHOMa h m M y i i h 3 h po Ban n bi x jihmc|)oli,htob. 3tot npneivi 
no3BOJiaeT nojiynaTB Sonbmoe hhcjio nropHroivinbix xreTOx, b li pa6ar bi Baio mu x 
6 oa bin lie KOjiHHecTBa neooxonuMbix aHTHTen. 

HeT HeoSxoflHMOCTH npHBOflHTb onncaHHe Bcex MeTonoB h npneMOB, 
Hcnonb3yeMbix b miTO.ro him nr a nryHenna CTpoemia, xhmhh h (J)yHKu,HH KreTOK uni 
hx KOMnoHeHTOB. 3 toto KpaTKoro o630pa nocTaTonno nr a toto, htoobi noxasaTb 
SoraTCTBO apceHara MeTonoB b pHTonorKH, no3BonaiomHx naBaTb tohhbih aHarH3, 
HarHHaa ot cfiopivibi, oSuiero Bnra h pa3Mepa xneTXH, xoimaa More Kyra p non 
KOMno3Hu,HeH ee OTnenbHbix racTeii. 

HacTb II. CTpoeHHe h xhmhh KJieTPHHoro napa 

Eiaea 3. U,eHTparbHaH aorMa MoaeKvanpHOH 6HOJiorHH 

KreTKa xax TaKOBaa oSranaeT orpOMHbiM h ncr om pa3HOo6pa3Hbix (Jiynxnnn, xax 
mbi ynce roBOpHnn, racTb H3 hhx - oSmexreTOHHbie, racTb - cnepHarbHbie, 
xapaKTepHbie rra oco6bix KreTomibix TiinoB. IraBHbiMH paSorHMH MexaHH3MaMH 
BbinorHeHHa tthx (|)yHKu,HH aBraiOTca 6erKH nrn hx KOMnneiccbi c npyrnivin 
SHOrOTHHeCKHMH M a K p O M O 3 6 K y 3 a M H , TaKHMH, KaK HyK3eHH0Bbie KHCrOTbl, rumirbl 
h norncaxapnnbi. Tax, H3BecTH0, hto npoueccbi TpaHcnopTa b xreTxe 
pa3HOo6pa3Hbix BemecTB, HarHHaa c hohob, xoHraa MaxpOMorexyraMH, 
onpeneraiOTca paSoTOH cnepHarbHbix SerxoB H3H rnnonpOTenHOBbix xoMnrexcoB b 
cocTaBe nra3MaTHHecxoH h hhbix xreTOHHbix MCMopan. T7 p a kt n h e c k h Bee npoueccbi 
CHHTe3a, pacnana, nepecTponxH pa3Hbix 6erxoB, HyxreHHOBbix xncroT, rnnHaoB, 
yrreBoroB nponcxonnT b pe3yrbTaTe axTHBHOCTH cnenMcjinneckTix rra xancnoH 
OTnerbHOH peaxu,HH 6erxoB-(|>epMeHTOB. CnHTe3bi OTnerbHbix SHororHrecxHx 
MOHOMepOB, HyxreoTHroB, aMHHOXHcroT, /xnpiibix xncroT, caxapOB h np- Taxnce 
ocyniecTBraK)Tca orpOMHbiM rncroM cneu,H(j)HHecxHx (JiepMeHTOB - SerxoB. 
CoxpanieHHe, npHBonrmee x nonBHTXHO cth xreTOx nrn x nepeMemeHHe BemecTB h 
CTpyxryp BHyTpH xreTOx, ocyuiecTBraeTca Taxnce cnennanbiibiMn coxpaTHTerbHbiMH 
SerxaMH. Mhothc peaxu,HH xreTOx b otbct Ha B03aeiiCTBHe BHeniHHx (JiaxTOpOB 
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(BHpycoB, ropMOHOB, qy>KepOflHBix 6enKOB h pp.) naHHiiaeTCH c b 3 a 11 m open ctbh ji 
3thx cf)aKTopoB co cnepHajiBHBiMH KJieTOHHBiMH SejncaMH-pepenTOpaMH. 

BeJIKH - 3 TO OCHOBHBie KOMIIOHeHTBI npaKTHHCCKH BCeX KJieTOHHBIX CTpyKTyp. 
MhOKCCTBO XHMHHCCKHX peaKH,HH BHyTpH KJieTKH OnpepejUieTCJI MHO>Ke CTBOM 
(J)epMeHTOB, Ka>KflBIH H3 KOTOpBIX Be^CT OflHy HJIH HCCKOJIBKO OTflCJlBHBIX peaKH,HH. 
CTpyxiypa Ka^Kporo OTpejiBHO BiflToro Genica CTporo cnemi(j)HHiia, hto BBipaiKaeTca 
B CneU,H(j)HHHOCTH HX nepBHHHOH CTpyKTypBI - B nOCJieflOBaTeJIBHOCTH aMHHOKHCJIOT 
BflOJiB nojinneriTHflHOH, SejncoBoii penn. IIpHneM cneu,Ht})HHHOCTB stoh 
aMHHOKHCJiOTHOH nocjiepoBaTejiBHOCTH 6e3oniH6oHHO noBTOpeHa bo Bcex MOJieKynax 
pannoro KneTOHHoro Genica. 

Taxa^ npaBHJiBHO ctb b BOcnpoH3BepeHnn opH03HaHHOH nocjiepoBaTejiBHOCTH 
aMHHOKHCJIOT B OCJIKOBOH penH PCTCpM HUH pyCTCH CTpyKTypOH ^HK TOTO TCHHOTO 
ynacTKa, kotopbih b koiichiiom chctc OTBenacT 3 a CTpyKTypy h chhtc 3 pannoro 
SejiKa. 3 th npepcTaBJieHHa cjiyixaT ochobhbim nocTyjiaTOM MOJieKyjuipHOH 
Shojiothh, ee «potmoh». HH(J)opMapmi o Sypyipeii MOJieicyjie 6ejiKa nepepaeTCn b 
M ecTa ero CHHTe3a (b phSocombi) nocpepHHKOM - HH(f)opMapHOHHOH PHK (hPHK), 
HyKJieOTHpHBIH COCTaB KOTOpOH OTpa/KBCT COCTaB H nOCJiepOBaTeJIBHOCTB 
HyKJieoTHpoB reHHoro ynacTKa /JHK. B pnSocoMe CTpOHTCn nojiHnenTHpHaa penB, 
nocjiepoBaTejiBHOCTB aMHHOKHCJIOT b kotopoh onpepejineTCn nocjiepoBaTejiBHOCTBio 
HyKJieoTHpoB b hPHK, nocjiepoBaTejiBHOCTBio hx TpHnjieTOB. TeM caMBiM 
peHTpajiBHaa poma MOJieicyjnipHOH Shojiothh nopnepKHBaeT opHOHanpaBJieHHOCTB 
nepepann HH(f)opMapHH: tojibko ot ^HK k 6ejiKy, c noMomBio n p o m e > k y t o h no ro 
3BeHa, hPHK (^HK — > hPHK — > 6cjiok). JXnn HeKOTOpBix PHK-copepixaipHx BHpycoB 
pen& nepepann HH(J)opMau,HH mojkct hath no cxeMe PHK - hPHK - Sejiox. 3 to He 
MeHaeT cyra pejia, Tax xax peTepMHHHpyioipHM, onpepejnnoipHM 3 bchom 3pecB 
nBJineTCn Tax>Ke HyKJienHOBan KHCJiOTa. OSpaTHBie nyra peTepMHHapHH ot Sejixa k 
H yKJieHHOBOH KHCJIOTe, K /THK HJIH PHK HeH3BeCTHBI. 

,Z],jia toto hto obi b pajiBHenmeM nepeiiTH k inywemno CTpyKTyp khctkh, 
CBH3aHHBIX CO BCCMH 3TanaMH CHHTe3a OCjIKOB, HaM HeoSxOflHMO KpaTKO 
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ocTaHOBHTbca Ha ochobhbix npopeccax h KOMnoHeHTax, onpeaeaaiomHx sto 
aBJieHHe. 

B HacToamee BpeMa Ha ocHOBaHHH coBpeMeHHbix npeacTaBaeHHH o 6HOCHHTe3e 
SejiKOB MO/Kiio aaTb caeayiomyio o6myio npniiminiiaabnyio cxeMy 3Toro caoacHoro 
h MHorocTyneHnaToro npopecca (pnc. 16). 

DiaBHaa, «KOiviananaa», poab b onpeaeaenmi c n e h u cj ) h h e c ko h CTpyKTypbi SeaxoB 
npHHaaaeaarr ae30xcHpH60HyxaeHH0B0H khchotc - /)HK. Moaexyaa /)HK 
npeacTaBJiaeT co6oh ape3Bbiaaifflo annnnyio HHHeHHyio CTpyKTypy, cocToamyio H3 
aByx B3aHM03aKpyHeHHbix nojiHMepHbix peneii. CocTaBHbiMH aaeMeHTaMH - 
MOHOMepaMH - 3 thx peneS aBaaiOTca aeTbipe copTa ae30xcHpH6oHyxaeoTHaoB, 
HepeaoBanne hjih no caeaoBareabHO ctb xoTOpbix Baoab perm yiiHKaabiiaa h 
cneu,H(J)HHHa ana xaacaoH Moaexyabi /)HK h xaacaoro ee yaacTxa. PaanHwiibie 
aocTaroaHO aanmibie yaacTXH Moaexyabi /)HK OTBeTCTBeHHbi 3a cmiitcb pa3Hbix 
SenxoB. TeM caMbiM opua Moaexyaa 7)HK MO>xeT onpeaeaHTb chhtc 3 Soabmoro 
HHcaa (J)yHxu,HOHaabHO h xhmhhccxh paaaHHiibix SeaxoB xaeTXH. 3a chutc? xaacaoro 
oanoro rana SeaxoB OTBeTCTBeH annib onpeaeneniibiM yaacTOx Moaexyabi /)HK. 
Taxon yaacTOx Moaexyabi /)HK, CBasamibin c cm i itcbom oanoro xaxoro-an6o 6eaxa b 
xaeTxe, aacTO o6o3HaaaK)T TepMHHOM «pncTpOH». B HacToaipee BpeMa noHaTHe 
PHCTpOH paccMaTpiiBaiOT xax aKBiiBaneimioe noHaTHK) reH. B yHHxaabHOH 
CTpyxType reHa - b onpeaeaeHHOM nocaeaoBaTeabHOM pacnoao/xenini ero 
HyxaeoTHaoB Baoab penn - 3axaioaeHa Bca HH(f)opMapHa o CTpyxType oaHoro 
cooTBeTCTByKDmero 6eaxa. 

H 3 oSipeii cxeMbi SeaxoBoro CHHTe3a BHaHO (cm. pnc. 16), are HaaaabHbiM 
nyHXTOM, c xoTOporo HaaHHaeTca norox HH(f)opMapHH aaa 6HOCHHTe3a SeaxoB b 
xaeTxe, aBaaeTca /(HK. CaeaoBaTeabHO, hmchho ,H,HK coaepacHT Ty nepBHaHyio 
3anncb HH(J)opMaH,HH, xoTOpaa aoa>xna coxpaHaTbca h BOcnpOH3BoaHTbca ot xaeTXH 
x xaeTxe, H3 noxoaeHHa b noxoaeHHe. 

KpaTxo xacaacb Bonpoca o MecTe xpaHeHHa reHeTHaecxoii HH(J)opMapHH, T.e. o 
aoxaaroapHH /(HK b xaeTxe, MoacHO cxa3aTb cnenyiOLpee. Yace aaBiio h3bcctho, aTO, 
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b OTJiHHHe ot Bcex npoanx KOMnoHeHTOB 6enoKCHHTe3Hpyiomero annapaTa, /)HK 
HMeeT ocoSyio, BectMa orpaiinneiinyio aoxaaH3apHio: mcctom ee naxoyxaeinni b 
KJieTKax BBicmnx (ayKapnoTHHecKnx) opraHH3MOB oyaeT xaeTOHHoe appo. y hh3hihx 
( npOKapHOTHHecKHx)opraHH3MOB, He h M e io him x o(J)opMJieHHoro KJieTOHHoro appa, 
/1HK Taxace OTMemaHa ot ocTaabHoi! nacTH npoTonjia3MBi b Bnae ophoto hjih 
H eCKOJIBKHX KOMnaKTHBIX HyKJTeOTHTTHbTX 06pa30BaHHH. B nOJIHOM COOTBeTCTBHH C 
3 thm appo ayxapHOT hjih Hyxaeonp npOKapHOT napaBiia pace m pt p m b aeT c a xax 
BMeCTHJIHme reHOB, KPK yHHXaabHBIII XaeTOHHBIH OprailOHa, XOHTpOaHpyKHPIHi 
peajiH3au,Hio iiacaepcTBeiiiiBix npH3HaK0B opraHH3MOB h hx nepepany b noxoaemiax. 

Ochobhoh npHHpun, aeacaipHH b ocHOBe MaxpOMoaexyaapHOH CTpyicrypbi ^HK, - 
3 to Tax Ha3biBaeMbiii npimpun KOMnjieMeHTapHOCTH (pnc. 17). Kax y>xe 
ynoMHHajiocb, MOJiexyna /)HK coctoht H3 pByx B3aHM03axpyHeHHbix peneii. 3 th 
H e mi CBaiaiibi ppyr c ppyroM nocpepcTBOM BaanMOpencTBiin hx n p ot m b oh e >xa lp h x 
H yxjieoTHflOB. npn 3tom no CTpyxTypHbiM cooSpaaceHHHM cyuiecTBOBanne Taxon 
PByTaacHOH CTpyxTypbi oxa3biBaeTca bo3mo>kiibim tohbxo b tom caynae, ecaH 
npoTHBoaeacaiHHe HyxaeoTHpbi o6eHx peneii 6ypyT CTepHaeexH xoMnaeMeHTapHbi, 
T.e. 6ypyr CBoeii npocTpaHCTBeHHOH CTpyxTypoii ponoaHHTb apyr apyra. TaxHMH 
B3aHMoaonoaHaiomHMH - xoMnaeMeHTapHbiMH - napaMH HyxaeoTHpoB hbhhiotch 
napa A-T (aaenini-THMnn) h napa T-U, (ryaHHH-HHT03im). 

CaeaoBaTeabHO, coraacHO 3T0My npimpuny xoMnaeMeHTapHOCTH, ecaH b ophoh 
penn Moaexyabi ,3,HK mbi HMeeM Hexyio nocaeaoBaTeabnocTb weTBipex copTOB 
HyxaeoTHaoB, to bo BTOpoii uenn n o ca ea o b aT e a b n o c t b nyKaeoTnaoB 6yaeT 
0HH03HaaH0 a e t e p m n n n p o b a n a , Tax hto xaacpoMy A nepBoii Henn 6yaeT 
eooTBeTCTBOBaTb T bo BTOpoii perai, xaacpoMy T nepBOH perai - A bo BTOpoii perai, 
xaacpoMy T nepBOH penn - LI, bo BTOpoii perai h xaacpoMy U, nepBOH penn - T bo 
BTOpoii penii. 

Bnpuo, hto yxa3aHHbiii CTpyxTypHBiii npirapim, aeacaipHH b ochobc pByraHCHoro 
CTpoeHHa Moaexyabi /)HK, no3BoaaeT aerxo noHHTb TOHHoe BoenpoH3BeaeHiie 
HCXOPHOH CTpyxTypbi, T.e. TOHHOe BOCnpOH3BeaeHHe HH(f)OpMapHH, 3anHCaHH0H B 
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pemix MOJieKyjiBi b BHpe onpepejieHHOH nocnepoBaTejiBHOCTH H3 4 copTOB 
HyKJieOTHflOB. ^eHCTBHTeUBHO, CHHTe3 HOBBIX MOJieKyjI /JHK B KJieTKe npOHCXOflHT 
tojibko Ha 6a3e y>xe hmciouiuxch MOJieKyn /JHK. npH stom pbc penn hcxophoh 
MOJieKyjiBi /JHK nawnnaiOT c opnoro H3 xohpob pacxopHTBca, h Ha xa>xpoM H3 
paiomepmuxcH ophotjdxhbix ynacTKOB nawnnaeT coonpaTBcn H3 npucyTCTByioupix b 
Cpe^e CBOSopHBIX HyXJieOTHpOB BTOpafl U,enB B TOHHOM COOTBeTCTBHH C npHHH,HnOM 
KOMmieMeHTapHOCTH. npopecc pacxoxpeHHa pByx penonex hcxophoh MOJieKyjiBi 
/THK npopoioxaeTCfl, h cootbctctbchho o6e penn ponojimnoTca 
KOMnjieMeHTapHBiMH penaMH. B pe3yjiBTaTe, xax bhpho Ha cxeMe, bmccto ophoh 
B03HHKaK)T PBC MOJieKyjiBi /JHK, B TOHIIOCTH HpeHTHHHBie MCXOPIIOM. B KB/KpOH 
nojiyHHBHieHCM «powepneH» MOJieKyjie /JHK opna penB, xax bhtho, pejiHKOM 
npOHCXOpHT OT HCXOPHOH, a PpyraX HBJHieTCfl 3aHOBO CHHTe3HpOBaHHOH. 

DiaBHoe, hto euie pa3 neooxopnivio nopnepxHyTB, sto to, hto noTeiipnaaBnaa 
CnOCOSHOCTB K TOHHOMy BOCnpOH3BepeHHK) 3aJI05KeHa B CaMOH pByTM>KHOH 
KOMnjieMeHTapHOH CTpyxiype /THK xax TaxoBOH, h OTxpBrrae stoto, 6e3ycnoBHO, 
COCTaBJIXeT OPHO H3 raaBHBIX pOCTH>XeHHH 6hojiothh. 

OpHaxo npoSjieMa BoenporoBepemni (pepynjiHxapHH) /JHK He HcnepnBiBaeTca 
xoHCTaTapneH noTeHpHajiBHOH cnocoSnocTH ee CTpyxiypBi x TonnoMy 
BOcnpoH3BepeHHK) CBoeii HyxneoTHpHOH nocnepoBaTejiBHOCTH. /Jeno b tom, hto 
/THK caMa no ce6e BOBce He HBJineTCH eaMOBoenpoH3BopxipeH MOJiexyjioii. /Tpra 
ocymecTBJieHHa npopecca CHHTe3a - BoenporoBepemni /THK no onncaHHOH BBirne 
cxeMe neooxopMivia peHTejiBHO ctb cnepnajiBHoro cji e p m e ii t aT h b ii o ro xoMnnexca, 
Hoenipero Ha3BaHne /JHK-nojiHMepa3Bi. no-BHpHMOMy, hmchho stot (jiepMeHT 
ocyuiecTBHHeT nocnepoBaTejiBHO npyipnii ot opnoro xoHpa MOJiexyjiBi /THK x 
ppyroMy npopecc pacxo/xpemia pByx penen c opnoBpeiviennon nojiHMepH3apHeii Ha 
hhx cboSophbix HyxjieoTHpoB no xoMnjieMeHTapHOMy npHHpHny. TaxHM o6pa30M, 
/JHK, nopoSHO MaTpnpe, jihhib 3apaeT nopapox paenojioxeHHP HyxjieoTHpoB b 
CHHTe3HpyK)HiHxea pemix, a caM npopecc BepeT 6enox. PaSoTa (jDepMeHTa b xope 
pepynjiHxapHH /JHK npepcTaBJineT co6oh Ha ceropmi opHy H3 nanoopee 
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HHTepecHtix npoSneM. no-BHpHMOMy, ,H, H K - n o a m m e p a 3 a Kaic obi aKTHBHO non3eT 
BflOJiB ppyraacHOH MOJieKynBi ^HK ot ophoto ee xoHpa k ppyroMy, ocTaBaaa no3apn 
ceoa paapBoemibiM pepyna h ph poBai 1 1 1 bi h «xboct». <Pii3M L iecKiie npimpiinbi Taxon 
paSoTbi paHHoro 6eaxa noxa He hchbi. 

OpHaxo ^HK h OTpeabHbie ee (j)yHxpHOHanbHbie ynacTXH, Hecyipne HH^opMapmo 
o CTpyKType SeaxoB, caMH HenocpepcTBeHHoro ynacTHH b npopecce C03pamni 
SeaxoBbix Moaexya He npHHHMaiOT. IlepBbiM 3TanoM Ha nyra k peaaH3apHH stoh 
HH(J) opMau,HH, 3anHcaHHOH b pemix ^HK, HBaaeTca Tax Ha3biBaeMbiH npopecc 
TpaHCxpHnpHH, nan «nepenHCbiBaHHH». B stom npopecce Ha penn ^HK, xax Ha 
MaTpHpe, npOHCXOpHT CHHTe3 XHMHHeCXH pOpCTBeHHOrO noaHMepa - 
pHSoHyxjieHHOBOH xhchotbi (PHK). Moaexyna PHK npepcTaBaaeT co6oh opHy penb, 
MOHOMepaMH XOTOpOH flBHJHOTCfl HCTbipC COpTa pH6<3HyXJieOTHpOB, XOTOpbie 
paccMaTpHBaKDTca xax neooabuiaa MopH(f)HxapHH neTbipex copTOB 
p e3 o kx h p h 6 o n y k a e o t h p o b ,3,HK. IIocaepoBaTeabHOCTb pacnoao/xemiJi weTbipex 
copTOB pHSoHyxaeoTHpoB b o6pa3yioipeHca penn PHK b tohhocth noBTOpaeT 
noeaepoBaTeabHOCTb pacnoaoaceHHH eooTBeTCTByioipHx pe30xcHpH6oHyxae<3THpoB 
ophoh H3 pByx penen ^HK. TaxHM nyTeM iiyKaeoTHpuaa noeaepoBaTeabHOCTb reHOB 
K'oniipyeTCH b BHpe Moaexya PHK, T.e. iincjiopMapiia, 3anncaiiiiaa b CTpyxType 
paimoro reHa, peanxoM nepenHCbiBaeTca Ha PHK. C xaacporo reHa MO>xeT cmiMaTbCH 
ooabuioe, TeopeTHHecxH iieorpanHweiinoe xoaHnecTBO Taxnx «xonHH» - Moaexya 
PHK. 3th Moaexyabi, nepemicamibie bo mhothx 3X3eMnaapax xax «xonHH» reHOB h 
CT aao 6biTb Hecyipne Ty ace HH(f)opMapHK>, hto h reHbi, pacxopaTca no xaeTxe. Ohh 
yace HenocpepcTBeHHO bxopht b cbh3b c 6eaoxcHHTe3HpyioipHMH HacrapaMH xaeTxn 
h npHHHMaKDT «3MHiioe» ynacTue b npopeccax coapainui SeaxoBbix Moaexya. 
ApyrHMH caoBaMH, ohh nepeHoeaT HH(J)opMapHK) ot MecTa, rpe OHa xpaHHTca, b 
MecTa ee peaaH3apHH. CooTBeTCTBeHHO 3th PHK o6o3HaaaK)T xax HHcf)opMapHOHHbie 
nan MaTpHHHbie PHK, coKpameiiiio mPHK (nan hPHK). 

BbiacHeHO, hto penb HH(j)opMapHOHHOH PHK CHHTe3HpyeTca, npaMO Hcnoab3ya 
eooTBeTCTByiOHiHH ynacTOx /THK b xanecTBe MaTpnpbi. CnHTe3HpyeMaa penb mPHK 
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npn 3 tom tohiio xoroipyeT no CBoen HyxneoTHpHOH n o cji epo bbt ea b no ct h opny H3 
PByx peneM ,3,HK (npmmiviaa, hto ypapraiy (Y) b PHK cooTBeTCTByeT ero 
npoH3Boanoe thmhh (T) b /THK). 3to nponcxopHT Ha ocHOBe Toro >xe CTpyKTypHoro 
npHHpnna ko m n a e m e n t a p i i o c t h , KOTOpBin onpepejiaeT pepyrnraxapmo /JHK (pnc. 
18). Oxa3ajioct, hto xorpa nponcxopHT cnHTe3 mPHK Ha /THK b KJieTKe, to b 
KanecTBe MaTpnpBi pna o6pa30Barani pemi mPHK Hcnonb3yeTca jthhib opHa pent 
/THK. Torpa xa>xpoMy T stoh penn /THK 6ypeT cooTBeTCTBOBaTB U, b CTpoaipeHca 
pemi PHK, xaixpoMy H, pemi //HK - T b pemi PHK, xaixpoMy T pemi /THK - A b 
pemi PHK h xaixpoMy A perai //HK - Y b perai PHK. B HTore nojiynaioipaaca pera> 
PHK 6ypeT CTporo KOMn jieMeHT apHa k MaTpraraoii perai //HK h, cnepoBaTejibHO, 
npeHTHHHaa no nocjiepoBaTejibHOCTH HyxjieoTHpoB (npHHHMaa T = Y) BTopoii perai 
/THK. TaKHM o6pa30M nponcxopHT «neperaiCBiBaHHe» itmjDopiviapmi c /JHK Ha PHK, 
T.e. TpaHCKpimpna. «neperaicaHHbie» coneTaraM HyxneoTHpoB perai PHK y>xe 
HenocpepcTBeHHO onpepemnoT paccTaHOBKy eooTBeTCTByioipHx, xopnpyeMBix hmh 
aMHHOKHCJiOT b perai 6ejixa. 

3pect>, Kax h npH paccMOTpeHira pepyraraxapira //HK, b xanecTBe ophoto H3 
HanSojiee cyipecTBeHHBix momciitob npopecca TpaHCKpirapira neoGxopmvio yKa3aTB 
Ha ero cjiepMeHTaTHBHBra xapaxrep. /THK, aBJiaioipaaca MaTpupeii b 3tom npopecce, 
pejiHKOM onpepejiaeT pacnojimxeraie HyxneoTHpoB b cmiTe3iipyioipenca perai mPHK, 
bck) cneprajDHHHOCTB o6pa3yeMoii PHK, ho caM xop npopecca ocyipecTBJiaeTca 
oco6bim SejiKOM - (j)epivienTOivi. 3tot (jjepMeHT nasbiBaeTca PHK-nojiHMepa30H. Ero 
MOJiexyna HMeeT cao'/Kiiyio opraHH3aprao, nosBorauorayio eMy aKTHBHO 
npopBiiraTBCH bpojib MOJieKyjibi /JHK, opnoBpeiviemio ciniTempyfl penonxy PHK, 
KOMnjieMeHTapHyio k opiion H3 peneiT /],HK. Mojieicyjia /T,HK, cjiy>xaipaa MaTpHpen, 
npn 3tom He pacxopyeTCH h He niMeraieTca, coxpamracb b npe>KneM BHpe h Sypynn 
Bcerpa roTOBa pna Taxoro nepemtcbi Banna c Hee neorpannwemioro xojnraecTBa 
«xoniiii» - mPHK. Hotox 3thx mPHK ot /THK x pnSocoMaM h cocTaBJiaeT tot noTOx 
HH(|)opMaprai, xoTOpBiH oSecnenHBaeT nporpaMMHpOBaHHe 6ejioxcmrre3Hpyioipero 
annapara xjictxh, Been eoBOxynHOCTH ee phSocom. 
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TaKHM o6pa30M, paccMOTpeiniaa htctb cxcmli onucbiBaeT noTOK iiiufiopMaHini, 
HayuiHH ot ^HK b BHae MOJieKyn mPHK k b i i y t p m kh cto h i i li m nacTimaM, 
CHHTe3HpyiomHM Semen. Tenepb mm oSpaTHMca k noTOKy hhoto poaa - k noTOKy 
Toro MaTepnana, H3 KOTOporo aoaaceH eosaaBaTbCH Seaoic. 3aeMeHTapHbiMii 
eflHHHpaMH - MOHOMepaMH - SeJIKOBOH MOJieKyjIbl flBHJHOTCfl aMHHOKHCJlOTbl, 
KOTOpbix HMeeTCH 20 paaaHHiibix copTOB. j\j\n coaaaiiHH (cHHTe3a) Sea ko boh 
M oaeicynbi CBoSoaiiBie aMHHOKHcaoTbi, npiicyTCTByiomiie b KaeTice, aoaacHbi 6 bitb 
BOB aenenbi b co ot b ct ct By i o lh h h noTOK, nocTynaiomnii b 6eaoKCHHTe3HpyiomyK) 
nacTimy, h yace TaM paccTaBaeHbi b uenoHKy onpeaeaemibiM yHHKaabHbiM o6pa30M, 
HHKiyeMbiM HH(J)opMaH,HOHHOH PHK. TaKoe BOBaeaeHHe aMHHO KHcaoT - 
CTpOHTeabHoro MaTepnaaa nan coaaaiiHH Seaica - ocymecTBaaeTca nepei 
npHCoenHHeHHe cboSouhbix aMHHOKHcaoT k ocoSbim MoaeKyaaM PHK OTHOCHTeabHO 
HeSoabHioro pa3Mepa. 3 th PHK, cayacamne ana npncoeaHHeHHa k hhm cboSouhmx 
aMHHOKHcaoT, He Syayr HH(f)opMai],HOHHbiMH, a HecyT HHyio- aaanTopnyio - 
(J)yHKu,HK), CMbica KOTOpOH 6yacT BHaen aaabuie. AMHHOKHcaoTbi npHCoeaHiiaiOTca k 
oaHOMy H3 kohh,ob HeSoabiHHx penoneK TpaHC(J)epHbix PHK (tPHK), no oaHon 
aMHHOKHcaoTe Ha oaHy Moaexyay PHK. 

JXnn icaacaoro copTa aMHHOKHcaoTbi b xaeTice cymecTByiOT cboh cnemi(|)MHeckTie, 
npucoeaHionoLHiie ToabKO btot copT aMHHOKHcaoTbi MoaeKyabi aaanTOpHbix PHK. B 
TaxoM HaBemeHHOM Ha PHK BHae, aMHHOKHcaoTbi h nocTynaiOT b 
6eaoKCHHTe3HpyK)m:He nacTimbi. 

H,eHTpaabHbiM momchtom npopecca 6HOCHHTe3a Seaica aBaaeTca caHamie tthx 
aByx b n y t p h Ka cto hi i bi x noTOKOB - noTOKa HH(|)opMau,HH h noTOKa MaTepnaaa - b 
6eaoKCHHTe3HpyK)mHx nacTimax KaeTKH. 3th nacTimbi naabiBaiOTca pnSocoMaMH. 
PhSocombi npeacTaBaaiOT co6oh ya bt p a m h k p o cko n n h e c k h e 6 m o x m m m h e ckh e 
«ManiHHbi» MoaeKyaapHbix pa3MepOB, rae H3 nocTynaiomHx aMHHOKHcaoTHbix 
ocTaTKOB, coraacHO naaHy, 3aKaK>neHHOMy b HH(J)opMau,HOHHOH PHK, coSnpaiOTca 
cneu,H(J)HHecKHe SeaxH. XoTa Ha aaHHOH cxeMe (pnc. 19) H3o6paaceHa annib oaHa 
nacTima, xaacaaa xaeTxa caepacHT tbichhh pnocoM. KoannecTBO pnoocoM 
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onpepeaaeT o 6 myio HHTeHCHBHOCTb OeaxoBoro cnHTe3a b KJieTKe. ,Z],HaMeTp ophoh 
pHSoCOMHOH HaCTHU,BI OKOJIO 20 HM. IIo CBOefi XHMHHeCKOH npHpOfle pHSoCOMa - 
pHOoHyxaeonpoTeHp: OHa coctoht H3 oco6oh phOocomhoh PHK (sto TpeTHH 
H3BeCTHBIH HaM KJiaCC PHK B ^OnOJIHeHHe K HH(J)OpMaU,HOHHBIM H aaanTOpHBIM PHK) 
h MOJieKya CTpyKTypHoro p 1160 com no ro 6 eaxa. Bmcctc 3to coHeTanne hcckojibkhx 
pecaTxoB MaKpOMOJieKya o6pa3yeT npeaabiio 0praHH30BaHHyK) h iiape>Knyio 
«MamHHy», ooaapaiomyio cbohctbom npomiTbiBaTb HH(j)opMau,Hio, Baxaioweiiiiyio b 
penn mPHK, h peaaH30BaTb ee b BHpe totoboh OeaxoBoii MOJieKyjibi cnepH(])HHecxoro 
CTpoeHHa. nocKOJibKy cymecTBO npopecca coctoht b tom, hto aHHeiiHaa 
paccTaHOBKa 20 copTOB aMHHOKHCJiOT b penn 6 eaxa opH03HaaHO peTepMHHHpyeTca 
pacnoaoaceHHeM aeTbipex copTOB HyxaeoTHpoB b penn xhmhhccxh cobccm hhoto 
nojiHMepa - HyxaeHHOBOH khcjiotbi (mPHK), to ttot npopecc, npOHCxopaipHH b 
pnOocoMe, npHHaTO o6o3HaaaTb TepMHHOM «TpaHcaapHa», hjih «nepeBop» - nepeBop 
Kax 6 bi c 4-6yKBeHHoro aa(J)aBHTa penefi HyKJieHHOBbix khcjiot Ha 20-6yxBeHHbiH 
an(J)aBHT SejiKOBbix (nojiHnenTHpHbix) peneix Kax bhpho, b npopecce TpaHcaapHH 
ynacTByKDT Bee TpH H 3 BecTHbix KJiacca PHK: HH(f)opMapHOHHaa PHK, aBaaioipaaca 
oobCKTOM TpaHCJiapHH, pnoocoMiiaa PHK, iirpaiomaa poab opraHH3aTOpa 
6eaoKCHHTe3HpyK)HieH pHOoHyKJieonpoTeHpHoii aacrapbi - pnOocoMbi, h 
apanTOpHbie PHK, ocymecTBaaiOLpiie (J)yHKpHio nepeBopaHxa. 

npopecc CHHTe3a 6eaxa HaaHHaeTca npn o6pa30BaHHH coepHHeHHH aMHHOKHCJiOT 
c MOJieKyaaMH apanTOpHbix PHK, hjih tPHK. npn stom cnawaaa nponcxopHT 
3HepreTHnecKaa «axTHBapHa» aMHHOKHCJiOTbi 3 a caeT ee (J)epMeHTaTHBHOH peaxpnn c 
MOJieKyjioii ap e n o 3 h n t p h (}) o c (}) aT a (AT03), a 3aTeM « a kt n b n p o Bairn aa » aMHHOKHCJiOTa 
coepHHaeTca c kohpom otho chtcjibho iiepaminon penoaxH tPHK, npopauieime 
XHMHHeCKOH 3HepTHH aXTHBHpOBaHHOH aMHHOXHCaOTbl 3anaCaeTCa npn 3TOM B BHpe 
3HepTHH XHMHHeCKOH CBa3H MOXpy aMHHOKHCHOTOH H tPHK. 

Ho opHOBpeMeHHO c 3thm pemaeTca h BTOpaa 3apaaa. ,H,eao b tom, hto peaxpmo 
Meacpy aMHHOXHcaoTOH h Moaexyaoii tPHK BepeT (j)epMeHT, o6o3HaaaeMbiH xax 
aMHHoapHa-TPHK-CHHTeTa3a. xaacporo H3 20 copTOB aMHHOKHcaoT cymecTByiOT 
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cboh ocoSbie (JtepMeHTLi, ocymecTBJiaiomiie peaRpmo c ynacTHeM tojibko ^aHHoii 
aMHHOKHCJiOTti. TaKHM o6pa30M, cymecTByeT He MeHee 20 (J)epMeHTOB (aMHHoau,HJi- 
TPHK-CHHTeTa3a), Kaac^biil H3 KOTOpBix cnemKjamen ana oanoro copTa 
aMHHOKHCJiOTti. KaaCflblH H3 3THX (jjepMeHTOB MO'/KCT BeCTH peaKH,HK) He C JHOSOH 
MOJieKyjioii tPHK, a jiiihib c tcmh, KOTopwe HecyT CTporo onpe,neneHHoe coneTaHHe 
HyKJieoTHflOB b CBoeii u,emi. TaKHM o6pa30M, Oaaroaapa cymecTBOBanMio na6opa 
ctojib cnemi(J)HHecKHx (JtepMeHTOB , paaaHHaiomHx, c oanon CTOpOHbi, npupoay 
aMHHOKHCJiOTti h, c flpyroH - HyKJieoTHflHyio nocjieflOBaTejibHOCTt tPHK, Kaac^tiH 
113 20 copTOB aMHHOKHCJiOT OKastiBacTCH «npHmicaHHbiM» tojibko onpeaeaemibiM 
tPHK c ^aHHtiM xapaKTepHtiM nyKaeoTiianbiM co L ieTaniieM. 

CxeMaTHnecKH HeKOTOpbie momciitbi npouecca 6HOCHHTe3a SeaKa, HacKOJitKO mbi 
hx npe^CTaBJiaeM Ha c ero/TH a ni HHH ^eHb, ^aHbi Ha pnc. 19. 

3flecb npeac^e Bcero bh^ho, hto Monexyna HH(j)opMaH,HOHHOH PHK coe^HHeHa c 
PhOocomoh hjih, KaK TOBOpaT, pnOocoMa «3anporpaMMHpOBaHa» HH(J)opMau,HOHHOH 
PHK. B Kaac,o,biH ^aHHbiH momcht HenoepeflCTBeHHO b eaMoil pnOocoMe HaxoflaTca 
HHHIB OTHO CHTeJIBHO KOpOTKHH 0Tpe30K H,emi mPHK. Ho HMCHHO 3TOT 0Tpe30K npH 
yaacTHH pnOocoMbi MoaceT B3aHMO£,eHCTBOBaTb c MOJieKynaMH a/ianTOpHbix PHK. H 
3flecb CHOBa raaBHyio pojib nrpaeT yace ^Baac^bi pa36HpaBimiHca Bbime npniimin 
KOMnaeMeHTapHOCTH. 

B 3tom h coctoht oSbacHeHiie MexaHH3Ma toto, none My aannoMy TpunaeTy perai 
mPHK eooTBeTCTByeT CTporo onpeaeaemiaa aMHHOKHCJiOTa. Bhjtho, hto 
HeoSxoflHMbiM npoMeacyTOHHbiM 3 Be mom, hhh a^anTOpOM, npn «y3HaBaHHH» Kaac^oii 
aMHHOKHCJiOTOH CBoero TpHnaeTa Ha mPHK aBJiaeTca ananTopnaa PHK (tPHK). 

,Z],aaee Ha cxeMe (cm. pnc. 19) bh^ho, hto b pHSoeoMe noMHMO paecMOTpeHHOH 
tohbko hto MoaeKyati tPHK c HaBemeHHOH aMHHOKHcaoTOH naxoHHTca eme oana 
Monexyna tPHK. Ho, b othhhhc ot paecMOTpeHHOH Bbime MOJieKyjibi tPHK, 3Ta 
MoaeKyaa tPHK cbohm kohu,om npucoe^HHeHa k KOHuy HaxoflameHca b npopecce 
ciiHTe3a SeaKOBOH (noaiinenTHflHOH) penoHKH. TaKoe noaoaceHHe OTpaacaeT 
,HHHaMHKy coObiTHH, npOHCxoflamHx b pHOocoMe b npopecce CHHTe3a SeaKOBoi! 
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MOJieKyjiBi. 3iy pHHaMHKy mo>kho npepcTaBHTb ce6e cjiepyioipHM o6pa30M. HanHeM 
c Heicoero n p o m e >Ky to h no ro MOMeHTa, OTpa>Kennor() Ha cxeMe h 

xapaKTeproyioiperocn HajiHHHeM y>Ke HanaBHieii CTpOHTbcn SejiKOBOH penonKH, 
npHeoeflHHeHHOH k Hefi tPHK h tojibko hto Bomepmeii b pnSocoMy h CBH3aBHieHCn c 
TpHnJieTOM HOBOH MOJieKyjiBi tPHK C COOTBeTCTByKDHieH efi aMHHOKHCJIOTOH. no- 
BHflHMOMy, caM aKT npiicoepHneniia MOJieKyjiBi tPHK k pac n oh o>Ke ii ii o m y b pannoM 
MecTe ph6ocombi TpHnjieTy mPHK npHBopHT k Taxoii B3aHMHOH opneHTapHH h 
TeCHOMy KOHTaKTy MC/KPy aMHHOKHCJlOTHBIM OCTaTKOM H CTpOHipeHCH penbK) 6eJIKa, 
HTO MOKpy HHMH B03HHKaeT KOBaJieHTHaB CBH3B. CBlI3b B03HHKaeT TaKHM 06pa30M, 
hto KOHeu, CTponipeiioi SejiKOBOH penn, Ha cxeMe npHCoepHHeHHBiH k tPHK, 
nepeHOCHTC^ ot ttoh tPHK Ha aMHHOKHCJiOTHBiH ocTaTOK nocTynHBHieH 
aMHHoau,HJi-TPHK. B pe3yjibTaTe «npaBaa» tPHK, CBirpaB pojib «poHOpa», OKa^KeTca 
cboSophoh, a SejiKOBaa penb - nepeSpomeHHOH Ha «aKpenTOp» - «jieByio» 
(nocTynHBHiyK)) a m hh o apHji - tP H K, b HTore SejiKOBaa pent OKa>KeTCH yzuiMiiennoH 
Ha opHy aMHHOKHCJiOTy h npHeoepHHeHHOH k «neBOH» tPHK. Bcjiep 3a tthm 
npoHexopHT nepeSpocxa «jieBoii» tPHK BMecTe co CBH3amibiM c Hen TpHnJieTOM 
HyKJieoTHpoB mPHK «BnpaBO», Torpa npe'ATiHH «ponopnaa» MOJieKyjia tPHK 
OKa>KeTCfl BBiTecHeHHOH OTCiopa h yiipeT H3 ph6ocom, Ha ee MecTe noHBHTCii HOBaa 
tPHK co CTponipeiioi pen bio 6ejnca, ypjiHHeHHoii Ha ophh aMHHOKHCJiOTHBiH 
ocTaTOK, a pens mPHK 6ypeT npopBHHyTa OTHOCHTejibHO ph6ocombi Ha ophh 
TpnnjieT BnpaBO. B pe3yjibTaTe npopBH>KeHHa penn mPHK Ha ophh TpnnjieT BnpaBO b 
pnoocoMe noaBiiTcn cnepyiouinn BaKaHTHbiii TpnnjieT (WY), h k HeMy HeMepjieHHO 
no KOMnjieMeHTapHOMy npunpiiny npncoepnnnTCH cooTBeTCTByioipan tPHK c 
aMHHOKHCJIOTOH ((J)eHHJiajiaHHJi-TPHK). 3to omiTb Bbi30BeT o6pa30BaHne 
KOBajieHTHOH (nenTHpHOH) cbh3h Me5Kpy CTpoaipeHCn penbio Sejixa h 
(J)eHHJiajiaHHHOBbiM OCTaTKOM h BCJiep 3a 3thm npopBM’/Kenne penn mPHK Ha ophh 
TpnnjieT BnpaBO co bccmh BbiTeKaioipHMH OTCiopa nocjiepcTBHUMH h T.p. TaKHM 
nyreM ocyipecTBJiaeTCn nocjiepoBaTejibHO, TpnnjieT 3a TpHnJieTOM, npoTumBaHne 
penn HHcjiopMapHOHHOH PHK nepe3 pnSocoMy, b pe3yjibTaTe Hero penb hPHK 
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»npoHHTMBaeTca» ph6ocomoh pejiHKOM, ot Hanana KOHpa. OflHOBpeMeHHO h 
conpjDxeHHO c sthm npoHexoflHT nocneflOBaTejiBHoe, aMHHOKHCJiOTa 3a 
aMHHOKHCJIOTOH, HapaiHHBaHHe SeJIKOBOH penOHKH. CoOTBeTCTBeHHO B pHSoCOMy 
oana 3a npyron nocTynaiOT MOJieKyjiBi tPHK c aMHHOKHCJiOTaMH h bbixo^t 
MOJieKyjiBi tPHK 6e3 aMHHOKHCJiOT. OKa3BiBa^CB b pacTBOpe BHe phSocombi, 
CBOSOflHBie MOJieKyjiBi tPHK CHOBa COeflfflnHOTCfl C aMHHOKHCJiOTaMH H OmiTB HecyT 
hx b pnSocoMy, caMH >Ke, TaKHM o6pa30M, h,hkjihhho oSpamancb 6e3 pa3pymeHH>i h 
H3MeHeHH5I. 

Eiaea 4. MopfoojiorHH HjepHbix CTpvKTvp 

POJIb HjepHbix CTpyKTyp B >KH3He,aeHTeJII>HOCTH KJieTKH 

npHBefleHHBIH B TJiaBe 2 KpaTKHH o630p OCHOBHBIX npOpeCCOB, CBM3aHHBIX c 
CHHTe30M Sejixa, b npinmnne onmiaKOBbix y Bcex (J)opM jkhboto, yKa3biBaeT Ha 
oco6oe 3HaneHHe kjictohhoto a^pa. il^po ocymecTBJineT ^Be rpynnbi o6ihhx 
(J)yHKu,HH: OflHy, CBinamiyK) coSctbchho c xpaHeHHeM reHeTHnecKOH HH(J)opMau,HH, 
ApyryK) - c ee peajnmpHeH, c oSecneneHHeM CHHTe3a 6ejnca. 

B nepByK) rpynny BxofliiT npopeccbi, CBimHHbie c no^flep>KaHHeM 

HacjieflCTBeHHoii HH(J)opMau,HH b BH^e HeH3MeHHOH CTpyKTypbi ^HK. 3 th npopeccbi 
CB^3aHbi c iiaaMHueivi Tax Ha3biBaeMbix penapamioinibix (j)epMeiiTOB, 
JIHKBHflHpyKDHJHX CnOHTaHHbie nOBpOK^eHHH MOJieKyjiBi ^HK (pa3pbIB OflHOH H3 
peneii ^HK, nacTb pa^Hau,HOHHbix noBpejKfleHHii), hto coxpaHneT CTpoeHHe 
MOJieKyji ^HK n p a kt h h e c k h HeH3MeHHbiM b paay hokojichhh kjictok hjih 
opraHH3MOB. ^ajiee, b a^pe nponcxo^HT BOcnpoH3Be,neHHe hjih pe,oynjiHKaH,mi h 
paBbeaHiiemie (cerperamia) MOJiexyji ^HK, hto naeT bojmo'/Kiioctb HByxi KJieTxaM 
nOJiyHHTb COBepHieHHO OflHHaKOBbie H B KaHCCTBCHHOM H KOJIHHeCTBeHHOM CMbICJie 
oSbeMbi reHeTHnecKOH HHcjiopMaiiHH. B aape 3yxapHOT nponcxojiHT npoueccbi 
H3MeHeHH5I H peKOM6HHaU,HH TeHeTHHeCKOTO MaTepHaJia, HTO HaSjIKD^aeTCH BO BpeMH 
Meii03a (KpoccHHTOBep). HaKOHeu,, n^pa HenocpeflCTBeHHO ynacTByiOT b npopeccax 
pacnpeflejieHH^i MOJiexyji ^HK npn ^ejieHHH kjictok. 
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/OpyroH rpynnoii kjictohhlix npoueccoB, ooe c n en h Baio m n xcn aKTHBiiocTbio nu pa, 
^BJiaeTca C03uamie coScTBeimoro annapaTa SejncoBoro CHHTe3a. 3to He tojibko 
CHHTe3, TpaHCKpHnU,H5I, Ha MOJieKyjiaX ^HK pa3HBIX HH(f)OpMaUHOHHbIX PHK, HO 
Taioxe TpancKponmia Bcex bhuob TpaHC(J)epHBix PHK h ph6ocomhbix PHK. B rmpax 
ByKapHOTHnecKHx KJieTOK npOHCxo^HT «co3peBaHHe» (npoHecciHir, enjiaHCHHr) 
nepBHHHtix TpaHCKpHnTOB. B aape 3y reap hot npoHexouHT Tare nee o6pa30BaHHe 
cySbeflHHHu, pnoocoM nyTeM ko m me kx h p o Ba n h a CHHTe3HpOBaHHBix b mpbmiKe 
Ph6ocomhbix PHK c ph6ocomhbimh SejiKaMH, KOTOpBie ciniTejHpyiOTCH b 
u,HTonjia3Me h nepeHOCflTCfl b nupo. TaKHM o6pa30M, nupo npeucTaBjnieT co6oh He 
tojibko BMecTHJiHme reneTrmecKoro MaTepnajia, ho h MecTO, rue stot MaTepnaji 
BoenpoH3BOflHTca h (J)yHKu,HOHHpyeT. Ho3TOMy BBina^eHHe hjih HapymeHHe jho6oh 
H3 nepenHCJieHHBix Bbime (j)yHKUHH rnSejiBHO ^Jia kjictkh b uejiOM. Tax, HapymeHHe 
penapau,HOHHBix npopeccoB 6yueT npHBOUHTb k H3MeHeHHio nepBHHHOH CTpyKTyp&i 
/THK h a bto m aT h h e c k h k H3MeHeHHio CTpyKiypBi SejiKOB, hto HenpeMeHHO CKa>KeTCH 
Ha hx cnemi(|)HHecKOH aKTHBHOCTH, koto pan MO>KeT npocTO HCHe3Hyn> hjih 
H3MeHHTbcn Tax, hto He 6yueT ooecnemiBaTb KJieTOHHbie (jDyHKu,HH, b pe3yjibTaTe 
nero KJieTKa norH6aeT. Hapymenmi peaynaHKamiii ^HK npriBeuyT k ocTaHOBKe 
pa3MHO>KeHHII KJieTOK HJIH K nOHBJieHHK) KJieTOK C HenOJIHOU,eHHbIM HaSopOM 
reHeTHHeCKOH HH(J)OpMaUHH, HTO TO'/KC TH6eJIbHO flJIH KJieTOK. K TaKOMy 3Ke 
pe3yjibTaTy npHBeueT HapymeHHe npopeccoB pacnpeuejieHHn reHeTHnecKoro 
MaTepnajia (MOJieicyji ^HK) npri aeaennn KJieTOK. Bli rumen rie b pe3yjibTaTe 
nopa/Kemia rmpa hjih b cjiynae HapymeHHH KaKnx-jmoo peryjiHTOpHbix npoueccoB 
CHHTe3a jiioSoh (|)opMbi PHK aBTOMaTHnecKH npHBefleT k ocTaHOBKe CHHTe3a 6ejnca b 
KJieTKe jih k rpyobiM ero napymennnivi. 

Bee 3to yKa3biBaeT Ha Beaymee 3nanenne rmepnnix CTpyKTyp b npoueccax, 
CBH3aHHbIX C CHHTe30M HyKJieHHOBbIX KHCJIOT H 06J1K0B - OCHOBHbIX (J)yHKU,HOHepOB B 
>KH3HefleHTeJIbHOCTH KJieTKH. 

OflHaKO, hto HeoSxoflHMO eme pa3 nouHepKHyrb, hto (jDyHKUHOHHpOBaHHe rmpa 
KaK CHCTeMbi xpaHeHHn h peajiH3au,HH reHeTHHeCKOH HH(j)opMau,HH conpiraceHO, 
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Hepa3pbIBH0 CBH3aiI0, C apyrHMH (J)yHKI],HOHaJIbHbIMH CHCTeMaMH KJieTKH, KOTOpBie 
oSecnemiBaiOT pa6oiy anpa cnemiaabiibiMii OejiKaMH, noTOKOM npeamecTBennHKOB, 
aHepoieii h np. 

fl^epHbie KOMnoHeHTbi npoicapHOT 

KaK y>Ke roBOpHJiocb KJieTKH uapcTBa n po Kap hothhc ckhx hjih «aoaaepnbix» 
opraHH3MOB, He HMeiOT o6oco6neHHoro KJieTOHHoro a,npa. O^HaKO y Bcex 
npoKapHOTHnecKHx KneTOK ecTb aHanor aapa ayxapHOT, KOTOpbiH hocht Ha3BaHHe 
HyKJieoH/i hjih HyKJieonjia3Ma. HyKJieoH^ npoxapHOT motkho othccth k coSctbchho 
aaepnbiM CTpyKTypaM H3-3a Toro, hto oh co,nep>KHT /(HK. HyKJieoH^ nocraTOHno 
neTKO BbiaBJiaeTca b cbctobom MHKpocKone nocne cneu,H(J)HHecKOH OKpacKH Ha ,H,HK 
no MCToay OenbreHa hjih npn OKpacKe (JmyopoxpOMaMH. Ero motkho i i a6 jh on aTb h c 
noMombio (|)a30BO-KOHTpacTHoro ycTpoiiCTBa y KpynHbix OaKTepun hjih cinie- 
3ejieHbix BOflopocjieii, icaic TeMHoe h 6ojiee KOHipacmoe o6pa30BaHHe b cpeflHHHoii 
nacTH KJieTKH. Ha yjibTpaTOHKHx cpe3ax 30Ha HyKJieoH^a npeacTaBJiena tohkhmh 
pbIXJIbIMH eeTKMH (J)H6pHJIJI TOJIH],HHOH 2-7 HM (pHC. 1, 20). 3Ta 30Ha HyKJieoH^a HJIH 
HyKJieonjia3Mbi Ha yjibTpaTOHKHx cpe3ax CBoSoana ot npyrnx CTpyicryp h Bbiraa^HT 
6ojiee CBeTJioii no cpaBHeHHio c ORpyacaiomeii u,HTonna3Moii, 3anojiHeHHOH 
pnOocoMaMH, pa3JiHHHbiMii rpaHyjiaMH h m e m Span a m h . Hnoraa Ha cpe3ax mo'/Kiio 
naOjiiojiaTb KOHTaKTbi (jmSpHJin HymieoH^a c njia3MaTHnecKOH MCMopanoH, c ee 
BblpOCTaMH. 

HyKJieoHflbi SaKTepHH mo'/Kiio BbiaeanTb, hx cocTaB h CTpyxiypa Haynenbi 
flOBOJIbHO Iioapoono, OHH Ha 80% COCTOHT H3 /THE, KpOMe KOTOpOH 
oonapy>KHBaiOTca pa3JiHHHbie ochkh (20%) h PHK. 

KojinnecTBO /THE b n p o k a p m o t m h e ck h x KJieTKax 3na L iHTeabiio MeHbine, hcm b 
KJieTKax 3y Kap hot. HanpnMep, SaKTepna E. coli coaep'/KiiT 5 x 10' 3 nr* ,H,HE, 
KOTOpaa KOflHpyeT okoho 2000 reHOB, b to BpeMa kbk b aape kjictkh nejiOBeKa 
coaep'/KHTCH okojio 6 nr ^HK, hto eooTBeTCTByeT orpOMHOMy ( 1 0 5 ) nncjiy reHOB. 

C noMombio MeToaa anno a bto p r p acj) h h Meweinibix MOJieKyji /THE b cbctobom 
MHKpocKone 6biJio o6napy>Keno, hto SaKTepnanbHbie /JHK npe^CTaBJiaiOT co6oio 
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3aMKHyTBie u,hkjili. Y E. coli nepHMeTp TaKoro KOJitpa cocTaBJiaeT okojio 1,6 mm, h 
CHHT aeTca, hto Ha KJieTKy npiixoanTca oana niraiiTCKaa muon necKaa MOJieKyjia 
7(HK, oana oaKTepnaabnaa xpOMOCOMa hjih reHoejiop c MoaeKyaapHoii Maccoii 4 x 
10 9 ,3,. CaMaa MaaeiibKaa OaKTepnaabnaa xpOMOCOMa o6napy>Kena b KJieTKax 

* EflHHupbi H3MepeHHB /(HK: nr - 1 x 10' 12 r; - 1,67' 24 r; 1 HyKaeoTHaHaa napa 
(H.n.) - 1 x 10 3 J\, BejiHHHHa H.n. ~ 0,34 hm. 

MHKonjia3Mbi - 0,25 mm (ana cpaBiienna, annua ^HK Ha oany xpOMOCOMy 
ayKapHOTHnecKOH ^poaoKeBOH KJieTKH cocTaBJiaeT okojio 4,6 mm, a y nenoBeKa - 40 
MM (!) B 1 XpOMOCOMe). 

y pana SaKTepHH, HanpHMep y B. subtilis HMeeTca ot 2 no 9 oannaKOBbix MOJieKyji 
7(HK h cooTBeTCTBeHHO HecKOJibKO HyKJieoH^OB. B npyrnx caynanx ( Azotobacter 
vinelandii ) okojio 40 xpomocom opraHH30BaHbi b o^hh HyKneoHa. 

C noMOuibio a bt o p an n o r p a c|) n n e c ko ii m ct oh hkh 6bijio TaKnce oSHapynceHO, hto 
penjuiKapna TaKoii KoarneBon xpOMOCOMbi y E. coli nannnaeTca Ha o^hoh hcxo^hoh 
(origin) TOHKe penniiKamni, oSpaayiOTca nse penjiHKapnoHHbie bhhkh, KOTOpbie no 
Mepe CHHTe3a /)HK aBHncyrca Bnonb MoneKynbi no TepMnnanbiion, kohchhoh tohkh 
( pnc. 21). TeM caMbiM Bca Taraa rnraiiTCKaa Moneicyna /lETK npencTaBnaeT eannnny 
penaiiKapHii, penaHKOH. CKOpocTb penaiiKau,HH y SaKTepnii cocTaBaaeT OKoao 30 
mkm b mhh., hto coraacyeTca co BpeMeHeM yaBoemia KaeTOK paBHbiM OKoao 40 mhh. 

BaKTepnaabHbie xpOMOCOMbi Bceraa CBaaanbi c naa3MaTHHecKoii MeMopanoii wepea 
cneu,n(|)HHecKHe MeMSpaHHbie 6eaKH, KOTOpbie B3aHMoaeHCTByiOT c /(HTC b 30He 
CTapTa ee CHHTe3a (pnc. 22). B npopecce KaeTOHHoro aeneHHa cymecTBeHHbix 
H3MeHeHHH b KOMnaKTHOCTH HyKaeonaa3Mbi He naOnionaeTca, b OTaiiniie ot 
3yKapHOTHHeCKHX XpOMOCOM. 

TaKHe KoabueBbie MoaeKyabi ^(HK Saicrepnn 6 bihm noayneHbi npn noaHOM 
yaanennn SeaKOB (n e n p o t e n n i n a n n a ) . Ecan ace nsynaTb Bbiaeaemibie ueabie 
nyKaeonabi SaKTepnii, to ohh npencaaBnaiOT co6oii Teaa, cocToamne H3 
MHOTOHHcaeHHbix cynepcmipanH30BaHHbix neTeab ^(HK, OTxona ni Hx ot nnoTHOH 
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iieHTpanbHOH oSnacTH (pnc. 23). B oaHy TaKyio neTJiK) nan aoMeH bxoaht ao 10-15 
mkm /(HK, hjih okojio 40 000 H.n., a Bcero tbkhx neTejiB - okojio 120. 

06pa6oTKa Bbineaemibix nyKaeonaoB PHK-a3oii h n poTeoa hthhc ckh m h 
(J)epMeHTaMH npiiBoanT k pa3pbixjieHHio pempaabHOH oSaacTH HyKaeonaoB, a 
KOpOTKaa o6pa6oTKa /)HK-a30H - k ciihtmio CBepxcnHpaaH3ai],HH neTejib, h 
^eKOMnaKTH3au,HH Bcero HyKaeonaa. TaKHM o6pa30M 6biJio noica3aHO, hto 
KOMnaKTH3au,Ha HyKaeonaa CBjnana c naanHueM cbjijok, coaepacamHx PHK h 
HeKOTOpbie SejiKH. TeM caMbiM niraiiTCKaa KoameBaa MoaeKyaa - xpOMOCOMa c 
noMOHibio PHK h OeaxoB MHoroKparao CKaaabiBaeTca, o6pa3ya MiioroHHcaemibie 
neTan, ,Q,HK KOTOpbix noaBepraeTca CBepxcnHpaaH3au,HH, hto npiiBoanT k 
3HanHTeabHOH KOMnaKTH3au,HH Bcero KOMnaeKca, KOTOpbif! h npeacaaBaaeT co6oh 
nyKaeoHH. CTeneHb KOMnaKTH3au,HH /THK b nyKaeonae SaKTepHH aocTuraeT 1000 
KpaT, a KOimeiiTpauHa /THK aoxoaHT ao 10 Mr/Ma (!). HcoOxoamvio noanepKHyTb, 
hto nacTb /THK nyKaeoHaa CBH jana c HeSoabimiM hhchom cnemiaabiibix ochobhbix 
OeaxoB, OTaHHHbix ot thctohob ayKapHOT. Oana MoaeKyaa oanoro H3 tbkhx Ochkob 
(H-NS) npnxoaHTca Ha 400 H.n. /THK. C neTaaMH ,Z1,HK HyKaeonaa CBfl3aHO 
Soabuioe HHcao Moaexya pa3aHHHbix CHHTe3HpyeMbix PHK h pnoocoM, KOTOpbie 
o6napy>KH BaiOTca no nepHcjjepini HyKaeonaa3Mbi. 

Oana H3 Moaeaen oprammiiHH HyKaeonaa npeanoaaraeT, hto ueiiTpaabnaa ero 
nacTb npeacTaBaeHa HeaKTHBHOH h CBepxcnnpaaH30BaHHOH ))HK, Toraa kbk no ero 
nepH(J)epiiH pacnoaoaceHbi aecnHpaaH30BaHHbie neTan, Ha KOTOpbix nponcxoairr 
CHHTe3 pa3anHHbix PHK (pnc. 24). 

OTanHHTeabHon nepTon aaepnbix CTpyKryp npoxapnoT aBaaeTca to, hto y hhx 
CHHTe3 PHK n CHHTe3 6enica MoaceT nponcxoaHTb oaHOBpeMeHHo: pnOocoMbi 
CBH3biBaiOTCfl c eme He ao KOHpa CHHTe3npoBaHHbiMH MoaeKyaaMH hPHK ii 
npOH3BOaflT Ha HHX C MUTCH 6eHKa. TaKHM o6pa30M B03HHKaeT TpOHCTBeHHblH 
CHHTeTHHecKHH KOMnaeKc: /THK - CHHTe3HpyK)maa u,enb PHK - pnOocoMbi c 
CHHTe3HpyeMOH noannenTnanoH uenoHKon (pnc. 25). TaKaa CHTyapua B03MoacHa 
annib b tom caynae, Koraa oSpasyiomaaca MoaeKyaa nPHK He noaBepraeTca 
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flajibHeftmeH MoaH(|)HKaunn xnna npopecciiHra, xapaKTepHoro ana ayxapH ot h h e c k h x 
KJieTOK (cM.Hiiace). Y npoKapHOTOB, TaKHM o6pa30M, npoueccbi TpancKpunmni h 
TpaHCJiapnn He pasoGuieiibi TeppHTOpHanbHO, b to BpeMa KaK y 3 y Ka p n ot n n e c k h x 
KJieTOK 3th npoueccbi npOTeKaiOT b asyx pa3Hbix KOMnapTMeHTax, pasaeaemibix 
cnepHajibHoii aaepHOti oSojiohkoh. 

OTJiHnaeTca noBeaenue aaepnoro MarepHaaa npoKapHOTOB ot TaKOBoro lyicapnoT 
npn aenemiH kjictkh, h b TeaeHHe KJieTOHHoro piiKJia. 

KneTOHHbiii h,hkji - 3to BpeMa cymecTBOBaHHa KJieTKH ot aeaemia ao aeaeHHa. 
KaK yace yKa3biBajiocb, aeaeuue Bcex TiinoB kjictok nponcxoaHT tojibko nocjie 
y^BoeHHa /(HK. Y SaKTepHH aacTO caM npopecc pa3aeaeHHa Teaa kjictkh, 
PHTOTOMHa, He CBa3aHa c OKOHaaHHeM CHHTe3a ,Z(HK, t.k. ao HacTynaeHHa 
KJieTOHHoro aeaeHHa MoaceT naiaTbca BTOpoii hjih aaace TpeTHH payua penauKanuu 
7(HK. B pe3ynbTaTe TaKoro SecnpepbiBHoro CHHTe3a /(HK b SbiCTpo pacTymux 
Kyjibiypax Ha Kaacayio paaaeauBmyiocH KJieTKy npHxoaHTca oaua KoabpeBaa 
xpOMOCOMa Ha npoMeacyroaHbix CTaanax ee aaabHeHHiero yaBoeHHa (pnc. 26), T.e. 
Kaacaaa aoaepHaa KaeTKa cpa3y nocae aeaenna yace coaepacHT nacTunuo 
penanu,HpOBaHHbiH reHOM. 

npn aeaeHini SaKTepnaabHbix KaeTOK He nponcxoaHT oco6oh KOHaeHcapiiH /)HK 
b cocTaBe HyKaeoH^a. IIo Mepe pocTa KaeTKH b anHHy 30Ha HyKaeonaa nocae 
CHHTe3a /(HK yBeaHHHBaeTca, a 3areM aeaHTca c noMombio cnepnaabHoro 
MexaHH3Ma. 06oco6aeHiie h paabeanueiiue asyx aonepunx xpomocom CBa3aHO c 
pacxoacaeuueM MecT npHKpenaeHHa xpomocom k naaaiviaTUHecKon Mexiopane (cm. 
HHace). 

H/Ipo 3yKapHOTHHeCKHX KaeTOK 

CaM TepMHH «aapo» BnepBbie 6bia npHMeHeH BpayHOM b 1833 r. ,Zl,aa o6o3HaaeHHa 
mapOBHflHbix nocToaHHbix CTpyKTyp b KaeTKax pacTeHHH. rfo3anee Taxyio ace 
CTpyKTypy oraicaaH bo Bcex KaeTKax bbichiiix opraHH3MOB . 

^AepHbiH annapaT 3yicapnoTn L iecKux KaeTOK HMeeT paa othhhhh ot 
npoKapHOTHaecKHx. Bo-nepBbix, ^HK-coaepacamnii komhohcht OTaeaeH ot 
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u,HTonjia3MM cneiinajiBHOH oSohohkoh (aaepnaa oSoaoaKa), BO-BTOptix, xoaHaecTBO 
AHK b aaax ayxapHOT b TbicaaH pa3 Soatme, neM b cocTaBe HyxaeoHaoB SaxTepHH, 
B-TpeTBHx, ,ZI,HK ayxapHOT npeacTaBaaeT co6oh caoacHbiH nyKaeonpoTenanbin 
KOMiuieKC, oSpaayiomini cnemiaabiiyio CTpyxTypy - xpoMaTHH, 113 KOTOporo h 
cocToaT ayxapHOTHaecxne xpomocomm. /Jaaee - b cocTaB aaep ayxapHOT BxoaaT 
necKoabKO (j)H3HwecKH He CBa3aHHbix xpOMOCOM, xaacaaa H3 KOTOpbix coaepacHT oany 
jiHHeiiHyK) ruraHTCKyK) Moaexyay /THK. Kaacaaa xpOMOCOMHaa /)HK npeacTaBaaeT 
co6oh nojiHpenjiHKOHHyio CTpyKTypy, T.e. coaepacHT Miio>KecTB aBTOHOMHO 
p e n a h u w py 1 o lh 11 xc a ywacTKOB. Chhtc3 ii o6pa30Bamie TpaHCxpimTOB 
ayxapHOTHaecxHx khctok conpOBoacaaeTca npoueccaivin BTopumion hx 
nepecTpoiiKH, «co3peBaHHa», BKaiOHaiomux b ce6a kbk (j)parMenTamno 
(npopeccHHr), Tax h cpamHBamie OTaeabHbix (J)pameHTOB /)HK (enaaHCHHr). 
HaxoHen,, b aapax He nponcxoaiiT CHHTe3a SeaxoB, T.e. b 3yxap n oth l i ec km x xneTxax 
npopeccbi CHHTe3a /],HK h PHK pa3o6m;eHbi ot npopecca CHHTe3a SeaxoB. 

KaeTOHiioe aapo, oSbihho oano Ha xaeTxy (ecTb npHMepbi Miioroaaepnbix xaeTOx), 
coctoht H3 aaepHOH o6oao4KH, OTaeaaiomeH ero ot u,HTonaa3Mbi, xpoMaTHHa, 
nap tunica h apyrnx npoayKTOB CMiiTeTM L iecKon axTHBHO cth, aaepHoio 6ejiKOBoro 
ocToea (MaTpHKca) h Kapnonaa3Mbi (nan aaepHoro coxa) (pnc. 27.). 3th 
ocHOBHbie xoMnoHeHTbi BCTpenaiOTca npaxTHaecxH bo Bcex neaeaaiHHxca xaeTxax 
3y xapHOTHae cxhx oano- nan MHoroxaeTOHHbix opraHH3MOB. 

raaBHbiii xoMnoHeHT aaep, xpoMaTHH, aBaaeTca CTpyxTypOH, BbinoaHaiomeH 
reneTHwecxyio (j)yHxu,HK) xaeTXH, b xpombthhoboh ^HK 3aao>xena npaKTHaecxH Bca 
reneTHwecxaa HH(j30pMau,Ha. 5Iaepnaa oSoaoaxa BbinoaHaeT caoacnyio SapbepHO- 
peuenTopnyio, a Taxace TpaHcnopTHyK) h xapxacHyK) (j)y[[Kmno. H e x p o m araH o b bi h 
aaepHbiii SeaxoBbiii octob (MaTpnxc) oSecneaHBaeT He Toabxo npocTpaHCTBeHHoe 
pacnoao/xenne xpomocom b aape, ho h yaacTByeT b hx (J)yHxu,HOHaabHOH 
aXTHBHOCTH. OaHHM H3 XpOMOCOMHbIX yaaCTXOB, OnpeaeaaiOlHHX CHHTe3 pPHK H 
o6pa30BaHiie KaeTomibix pH 60 com, aBaaeTca aapbimxo. KpOMe toto b aape b CBa3H c 
xpOMaTHHOM h MaTpHKCOM o 6 HapyacHBaK)Tca paaaHHiibie pnoonyKaeonpoTeHanbie 
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CTpyKTypBi, coaepacamne paanbie xunbi PHK. Meacay bccmh sthmh KOMnoHeHTaMH 
3aKJiK)HeHa amaKaa c|)a3a KaeToaHoro aa pa, KapHonaa3Ma, b KOTOpoii npoTCKaiOT 
MHorne npopeccw, CBa3aHHbie KaK c aaepHbiM MeTa6ojiH3MOM, TaK h c 
BiiyTpHaaepiibiM TpaHcnopTOM SenKOB h PHK. 

npH naOaioaemni mhothx acHBbix kjictok, oco6enno pacTHTeabHbix hjih ace 
KJieTOK nocne (JmKcapHH h OKpacKH, BHyTpH aapa BbiaBaaiOTca 30hbi naoTHoro 
BemecTBa, KOTOpoe xopomo BoenpHHHMaeT pa3Hbie KpacHTeaH, ocoOemio ocHOBHbie. 
Eaaroaapa TaKOH cnocoOnocTM xopomo OKpamimaTbca 3tot KOMnoHeHT aapa h 
noayana Ha3BaHne «xpOMaTHH» (OaeMMHHr, 1880). CnoeoSHOCTb xpOManma 
BoenpHHHMaTB ocHOBHbie (meaoaHbie) KpacHTenH yKa3biBaeT Ha ero KHcaoTHbie 
CBOHCTBa, KOTOpbie onpeaeaaiOTca tcm, hto b cocTaB xpOMaTHHa bxo^ht /THK b 
KOiYinaeKce c SeaKaMH. TaKHMH ace CBOHCTBaMH OKpamHBaeMOCTH h coaepacaniieM 
7)HK oOaaaaiOT h xpOMOCOMbi, KOTOpbie Moaoio naOaioaaTb bo BpeMa mhtoth wee koto 
aeaemia KaeTOK. 

B OTaHHHe ot npoKapHOTHaecKHx KaeTOK, ^HK-coaepacaiHHH MaTepaaa 
xpOMaTHHa ayicapHOT, MoaceT npeobiBaTb b asyx aabrepHaTHBHbix cocToannax: 
AeKOH^eHCHpOBaHHOM b HHTep(J)a3e h b MaKCHMaatHO ynaoTHeHHOM - bo BpeMa 
MHT03a, B COCTaBe MHTOTHHe CKHX XpOMOCOM. 

B neaeaamMxca (HHTep(f)a3Hbix) KaeTKax xpombthh, BbiaBaaeMbiil b oObihhbih 
MHKpocKon, MoaceT paBHOMepHO 3anoaiHiTb oObcm aapa nan ace pacnoaaraTbca 
OT^eatHbiMH crycTKaMH (xpOMopempbi). HacTO oh ocoOemio aeTKO BbiaBaaeTca Ha 
nepH(|)epHH aapa (npacTenomibiM, MapninaabiibiH, npuMeMopaniibiH xpOMaTHH) nan 
o6pa3yeT BHyTpH aapa nepenaeTeinia aoBoabno ToacTbix (oxoao 0,3 mkm) h 
aaHinibix Taaceii, oOpaayiomux noaoOne BnyrpHaaepnoH ceTH. TaKHe aa pa aacTO 
BCTpeaaKDTca b KaeTKax pacTeHHH (pnc. 28, 29, 30). 

XpOMaTHH HHTep(j)a3Hbix aaep npeaoraBaaeT co6oh necymne /THK Teabpa 
(xpOMOCOMbi), KOTOpbie TCpaiOT B 3TO BpeMa CBOK) KOMnaKTHyiO (j)OpMy, 
pa3pbixaaiOTca, aeKOHaeHCHpyiOTca. CTeneHb TaKoii aeKOHaeHcau,HH xpomocom 
M oaceT ObiTb pa3aHaHOH b aapax pa3Hbix KaeTOK. Koraa xpOMOCOMa HaH ee yaacTOK 
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nOJIHOCTLK) fleKOH^eHCHpOBaH, TOr^a 3TH 30HBI Ha3BIBaiOT JJH(J)^)y3HbIM 
XpOMaTHHOM. npH HenOJIHOM pa3pBIXJieHHH XpOMOCOM B HHTep(|)a3HOM aape BHTHbT 
ynacTKH KOH^eHCHpoBaHHoro xpoMaTHHa (HHoraa Ha3BiBaeMoro reTepoxpOMaTHH). 
IIOKa3aHO MHOrOHHCJieHHBIMH paSOTaMH, HTO CTeneHB ^eKOHfleHCapHH 

xpOMOCOMHoro MaTepHaaa, xpoMaTHHa, b HHTep(j)a3e MoaceT OTpaacaTb 
(J)yHKii,noHajiBHyK) Harpy3Ky stoh CTpyKTypbi. Hcm 6oaee aHcjx}x})y3eii xpoMamH 
HHTep(J)a3Horo aapa, TeM Bbime b hcm CHHTeTHneexHe npopeccbi. Tax, b xneTxax 
jihm(|)ou,htob xpOMaTHH o6pa3yeT 3HaHHTejibHBie cxonneinia no nepncjiepHH 
KJieTonHoro aapa. Ilpn ctm Myra hum sthx xneTOx k cnHTe3y ^HK no Mepe 
BKJiKDneHna npeaniecTBeHHHxa ,Z],HK 3 H-THMHanHa nponcxo^HT nocTeneHHaa 
aeKOiiaeiicamia xpoMaTHHa. TaxHM ace o6pa30M MenaeTca CTpyxTypa xpoMaTHHa npn 
CHHTe3e PHK. Ila/ieHne cnHTe3a ^HK n PHK b KJieTKax oSbihho conpoBoacaaeTca 
yBennneHneM 30H xoHaeHCHpOBamioro xpoMaTHHa. Tax, b 3pHTpou,HTax HH3mnx 
riosBonoHiibix npaxTnnecxn Becb xpOMaTHH aaep naxoaiiTca b ko i i a e i i c h p o b a n n o m 
cocToaHHH, n b sthx aapax He nponcxoaHT CHHTe3a hh PHK, hh ,Z],HK. Ecjih ace aapa 
sthx xneTOx CTHMyanpOBaTb x cnHTe3y PHK, HanpnMep, b reTepoxapnoHax (cm. 
Hnace), to ohh nepexoaaT b an(f)(j)y3Hoe cocToaHne. 

MaxcHMaabHO KOiiaeiiciipoBaii xpOMaTHH bo BpeMa m htothh e cxot o aeneinia 
xneTOx, xoraa oh oSHapyacnBaeTca b BHae Teaeu, - xpomocom. B stot nepnoa 
xpOMOCOMbi He HecyT HHxaxnx c h i itct n nee km x Harpy30x, b hhx He nponcxoaHT 
BXjnoneHHa npeaniecTBeHHHxoB ^HK h PHK. 

Hcxoaa H3 3TOTO MOaCHO CHHTaTb, HTO XpOMOCOMbi KHCTOK MOiyT HaXOaHTbCa B 
aByx ct py KTy p n o - (j)y n k h h o n aa b n bi x cocToaHHax: b paooneM, HacTiiHiio hjih 

noaHOCTbio aexoHaeHCHpOBaHHOM, xoraa c hx ynacTneM b HHTep(jia3HOM aape 
nponcxoaaT npopeccbi TpaHCxpHnu,HH h peaynjiHxapHH, h b HeaxTHBHOM - b 
cocToaHHH MeTaSoHHHecxoro noxoa npn MaxcHMajibHoii hx xoHaeHcau,HH, xoraa ohh 
BbinojiHaiOT (J)yHxu,HK) pacnpeaeaeHHa h nepeHoea reHeTHnecxoro MaTepnana b 
aonepHne xneTXH. 
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3yxpoMaTHH h reTepoxpoMaTHH 

Bbijio OTMeneHO mhothmh HCCJieflOBaTejniMH, hto CTeneHb CTpyKTypH3au,nn, 
KOHfleHcapHH xpOMaTHHa b HHTep(J)a3HBix aapax MO>KeT 6bitb Bbipa>xeiia b pa3Hoii 
Mepe. Tax b unTenciiBiio ^enamHxca h b Mano cneu,najiH3HpOBaHHi>ix KJieTKax aapa 
HMeroT ;iH(|)(|)y3HyH) CTpyKTypy, b hhx KpOMe y3xoro n e p m cj) e p m h e c xo ro oSo^xa 
xoHfleHCHpOBaHHoro xpOMaTHHa BCTpenaeTca HeSojibinoe hhcjio mcjixhx 
xpOMopeHTpOB, ocHOBHaa )xe nacTb Hflpa 3aroiTa flH(|)(J)y3HBiM, ^exoHfleHCHpOBaHHBiM 
XpOMaTHHOM. C flpyroil CTOpOHBI B XJieTXaX BBICOXOCneU,HaJIH3HpOBaHHBIX HJ1H B 
xjieTxax, 3 a x a 1 1 w h b a i o m h x cboh >xH3HeHHBiH h,hxji, xpOMaTHH npeacTaBaen b bh^c 
MaccHBHoro nepH(J)epHHecxoro cjioh h xpynHBix xpOMopeHTpOB, Sjioxob 
xoHfleHCHpOBaHHoro xpOMaTHHa. Taxyx) CTpyxTypy hmciot, HanpHMep, aapa 
HOpMOSjiaCTOB (OflHa H3 CTa^HH flH(|)(|)epeHU,HpOBXH 3pHTpOU,HTOB), flflpa 3peJIbIX 
jieHxou,HTOB. 3th a B a npHMepa MoryT HJijnocTpHpOBaTb o6mee npaBHJio: neM 
SojibHie b aflpe aojim xoH^eHCHpOBaHHoro xpOMaTHHa, tcm MeHbine MeTaSojiHHecxan 
aXTHBHOCTB Mflpa. npH eCTeCTBeHHOH HJ1H 3XC nepHMeHT aJIBHOH HHaXTHBapHH a^ep 
npoHCxo^HT nporpeccHBHaa xoHfleHcapmi xpOMaTHHa, h, HaoSopor, npn axTHBau,HH 
aaep yBejiHHHBaeTca aoaa ^H(J)(J)y3Horo xpOMaTHHa. 

OanaKO npn MeTaSojiHHecxoii aKTHBamm He bcjikhc ynacTXH KOiineiiciipoBaimoro 
xpOMaTHHa MoryT nepexonuTb b Tinc|)()3y3i iy io ({jopMy. Euie b nanaae 30-x roaoB 6bijio 
3aMe L ieno 3. remrjeM, hto b HHTep(j)a3Hbix aapax cymecTByiOT nocToamibie ynacTXH 
xoHfleHCHpOBaHHoro xpOMaTHHa, HajiHHHe xoTOporo He 3aBHCHT ot CTeneHH 
^H(J)(J)epeHU,HpOBaHHHOCTH TXaHH HJIH OT (jiyilKHHOIiaabllOH aXTHBHOCTH XJieTOX. 
Taxne ynacTXH nojiyHHJiH Ha3BaHHe reTepoxpoMaTHHa, b OTJiHHHe ot ocTajibHOH 
Maccbi xpOMaTHHa - syxpoMaTHHa (coSctbchho xpOMaTHHa). IIo sthm 
npeflCTaBJiemniM, reTepoxpoMaTHH - xoMnaxTHbie ynacTXH xpomocom, xoTOpbie b 
npo(j)a3e noflBjnnoTCfl paHbine flpyrnx nacTeii b cocTaBe MHTOTHnecxHx xpomocom, h 
b Teno(j)a3e He .ziexoHfleHCHpyiOTCfl, nepexo^a b HHTep(J)a3Hoe Hflpo b BH^e 
HHTeHCHBHO XpaCJffl],HXCfl nJlOTHbIX CTpyXTyp (xpOMOU,eHTpbl). IlepBOHaHaJIbHO 
noioiTue reTepoxpoMaTHHa hmcjio cyryoo m o p (}) oji o ranee ko e 3iiaHeime, noTOMy hto, 
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mynaa npenapaTBi OKpameHHBix aaep, Konewno neabaa 3HaTB, MO>KeT jih naiiiiBin 
ynacTOK ko 1 1 a e 1 1 c ia p o b a 1 1 1 1 o r o xpOMaTHHa, xpoMOueiiTp, nepeiiTH b SyaymeM b 
pa3pBixneHHoe, 3 y x p o m bt hh e c ko e cocToaime, nan iict. B cbhbh c 3thm b 
cnepHanBHOH pHToaorHHecKOH jiHTepaType nacTO 6e3 bchkoto ocHOBamia jikdSoh 
ynacTOK KOiiaeiiciapoBaiiiioro xpoMBTHiia CTanH Ha3BiBaTB reTepoxpOMaTHHOM. 
npopecc ace oSmefi KOHaeHcapHH xpOMaTHHa, HanpHMep b aapax jichkophtob, 
Ha3BiBaaH reTepoxpOMaTH3au,Heii aaep. Ha caMOM ace aeae b cocTaBe aaepHoro 
XpOMaTHHa TOJIBKO J1HHIB HCKOTOpBie yHBCTKH npaKTHHCCKH HHKOTfla He TCpHIOT 
ocoSoro KOiiaeiiciapoBaiiiioro cocToaima. TaKHMH nocToaimo ko 1 1 ae 1 1 c h p o Ba 1 1 1 1 bi m h 
30HBMH name Bcero HBaaiOTCfl peHTpOMepHBie h TejiOMepHBie ynacTKH xpomocom. 
KpOMe hhx nocToaHHO ko 1 1 a e 1 1 c ia p o b a 1 1 1 1 b i m h MoryT 6bitb TaKace HeKOTOpBie ynacTKH, 
BxoflaniHe b cocTaB naeaeia xpomocom - BCTaBOHiiBiii hjih HHTepKaaapHBiH 
reTepoxpOMaTHH, KOTOpBiH b aapax TaKace npeacraBaeii b Biaae xpoMOueiiTpoB. 
TaKHe nocToanno KOiiaeiiciapoBamiBie ynacTKii xpomocom b HHTep (j) a3HBix aapax 
cennac npHHaTO Ha3BIBaTB KOHCTHTyTHBHbIM (nOCTOHHHbIM) reTepoxpOMaTHHOM. 
3aecb ace iieooxoanMO otmcthtb, hto ynacTKH KOHCTHTyTHBHoro reTepoxpOMaTHHa 
ooaaaaiOT pejibiM paaoM ocooeimocTeia, KOTOpbie OTaiaaaiOT ero ot ocTajiBHoro 
XpOMaTHHa. KOHCTHTyTHBHBIH TeTepOXpOMaTHH reneTHHCCKH He aKTHBeH, OH He 
TpaHCRpnGnpyeTca, penaHH,HpyeTca oh no3ace Bcero ocTajiBHoro xpOMaTHHa, b ero 
cocTaB BxoflHT oco6aa (caTeaaHTHaa) ^HK, oSorameHHaa BbicoKonoBTOpaiomHMHCfl 
n o ca ea o b aT e a b 1 1 o c t a m ia iiyKaeoTnaoB (cm. HHace); oh aoKaaH30Baii b ueiiTpoMepiibix, 
TeaoMepHBix h HHTepKaaapHBix 30Hax m h tot h h e c k h x xpomocom. ,ZJoaji 
KOHCTHTyTHBHOTO XpOMaTHHa MOaceT 6bITB HeOflHHaKOBOH y pa3HBIX oobcktob. Tax y 
MJieKonHTaioiHHx Ha Hero npHxoaHTca 10-15% Bcero reHOMa, a y HeKOTOpbix 
aM(j)H6HH - aaace ao 60%. <J>yHKu,HOHajiBHoe 3HaneHHe KOHCTHTyTHBHoro 
reTepoxpOMaTHHa ao KOHpa He BBiacHeHO, npeanoaaraeTca, hto oh HeceT paa 
BaacHBix (j)yHKu,HH, CBioaHHBix co cnapHBaHHeM roMoaoroB b Meik>3e, co 
CTpyKTypH3au,Heii HHTep(j)a3Horo aapa, c hckotopbimh peryaaTopiibiMii (JiyiiKHiaaivni. 
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Bca ocTajiBHaa, ocHOBHaa Macca xpOMaTHHa aapa MoaceT MeHaTb CTeneHB CBoeii 
KOMnaKTH3aU,HH B 3aBHCHMOCTH OT (])yHKH,HOHaJIbHOH aKTHBHOCTH, OHa OTHOCHTCa K 
ayxpOMaTHHy. 3 y x p o m aT h l i e c k m e HeaKTHBHBie yaacTKH, KOTOptie naxoaaTca b 
KOH^ eHCHpOBaHHOM COCTOaHHIi, CTaJIH Ha3BIBaTB (J)aK\JIL.TaTHBHbI M 

reTepoxpoMaTHHOM, noanepKHBaa Heo6a3aTejiBHOCTb Taxoro ero cocToaHHa. 
XoponiHM npHMepOM (J) axyjibT aTH b ho ro reTepoxpOMaTHHa MO>KeT cnyacHTb X- 
xpOMOCOMa b opraHH3Me aejiOBexa. B xneTxax Myaccxoil oco6h X-xpOMOCOMa 
AeKOH^eHCHpoBaHa, OHa aKTHBHa, TpaHCxpHOnpyeTca h MOpcjjojiorHHecxii He 
BbiaBJiaeTca H3-3a CBoero pbixjioro, aHt|x})y3noro cocToaHHa. B xjieTKax aceHCxoro 
opraHH3Ma, me npucyrcTByiOT ase X-xpOMOCOMbi, oana H3 hhx HaxoaHTca b 
aKTHBHOM, aH(|)C|)y3IIOM COCTOaHIiH, a BTOpaa - B HeaKTHBHOM, KOIiaeilCHpOBai I IIOM, 
OHa BpeMeHHO reTepoxpOMaTH30BaHa. B btom cocToaHHH OHa MoaceT cymecTBOBaTb b 
T ewenne Been acH3HH opraHH3Ma. Ho hotomkh ee, nonaaaa b xjieTKH Myaccxoro 
opraHH3Ma caeayiomero noKoaemia, CHOBa 6yayr aKTHBHpOBaHbi. 

B a h c|) c|)epe n u h po Ban n bi x KJieTxax Bcero Jinuib okojio 10% reHOB HaxoaHTca b 
aKTHBHOM COCTOaHHH, OCTaJIbHbie TeHbl HHaKTHBHpOBaHbl H, COOTBeTCTBeHHO, 
HaxoaaTca b cocTaBe KOHaeHCHpOBaHHoro xpOMaTHHa ((J)axynbTaTHBHbiH 
reTepoxpOMaTHH). 3to oScToaTejibCTBO oSbacHaeT, none My 6ojibinaa L iacTb 
xpOMaTHHa aapa CTpyKTypHpOBaHa. 

B TaSaime 1. aaiibi cpaBiniTeabiibie oOunie xapaxTepHCTHKH ayx po m aT nne ckhx h 
reTepoxpOMaTHHecKHx paiiOHOB HHTep(})a3Hbix xpOMOCOM. 


Ta6jinpa 1. 
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CBOHCTBa 

3yxpOMaTHH 

reTepoxpOMaTHH 

XOHCTHTyTHBHBIH 

Axthbhbih 

HeaXTHBHBIH 

(cjiaxyabTaTHBHbiH 

reTepoxpOMaTHH) 


CTpyxTypa 

flH(J)(J)y3HbIH XOH^eHCHpOBaHHBIH 

XOH^eHCHpOBaHHBIH 

Chhtc3 PHK 

+ 

- 

- 

CHHTe3 ^HK 

+ 

+ 

+ 


no3^HM pemraxaiiHa 


Tun HyKJieoTHfl- yHHxaabHbie, 
Hbix nocaeaoBa- yMepeHHbie 
TeabHO CTeii /THK noBTOpbi 


yHHKanbHbie, 

yMepeHHbie 

nOBTOpbl 


BblCOXOnOBTOpaiOIHaaCa, 
caTejuiHTHaa ^HK 


JloKajiH3au,Hn njienH 

XpOMOCOM 


njienH 

XpOMOCOM 


ueiiTpoMepa, TejioMepa, 
HHTepKajiapHbiH reTepo- 
XpOMaTHH 


XpOMOCOMHblH HMKJI 

Kax H3BecTHO, nojiOBbie /xencKiie h Myixcxne xjictxh HecyT oaHiiapiibiM na6op 
xpomocom h, cjieflOBaTejibHO, co^epacaT b 2 pa3a MeHbine /THK, neM Bee ocTajibHbie 
KJieTKH opraHH3Ma. nojiOBbie kjictkh (cnepMaT030Hflbi h oou,htbi) c oannapiibiM 
HaSopOM xpomocom Ha3biBaiOT ranjioH^HbiMiH. IIjiOHflHOCTb (ot rpen. ploos - 
KpaTHOCTb) o6o3HanaK)T SyxBoii n, Tax, xjictxh c In - ranjiOHflHbi, c 2n - 
JTHnJTOHJTHbT, C 3n - TpHnJIOHflHbl H T.fl. COOTBCTCTBCHHO XOJIHHCCTBO /^HK Ha XJICTXy 

(c) 3aBHCHT ot ee njiOHflHOCTH: xjieTxn c 2n hhcjiom xpomocom coflep>xaT 2c 
xojiHnecTBa ^HK. npn onaoaoTBopeinni npoHCxo^HT ca Mamie flByx xjictox, xaac^aa 
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H3 KOTOpBix HeceT In Ha6op xpomocom, noaTOMy o6pa3yeTca ncxoaHaa 
(2n, 2c) KJieTKa, 3nroTa. B ^ajiBHenmeM b pe3yjiBTaTe aeaeinia annaoHanoH 3nroTBi h 
nocaeayiomero aenenna annaoManbix kjictok pa30 blotch opraHH3M, KaeTKH 
KOToporo, KpOMe non ob bix, 6yayT aHnaonanbiMH. 

OaHaKO mbi 3HaeM, hto npopeccy aeJieHHH kjictok npeaniecTByeT c|)a3a CHHTe3a, 
peaynaHKauHH /THK, hto aoaacHO npnBoanTB k riOHBaemno rhctor c 4c 
KoanaecTBOM /THK, y KOTOpBix KoanaecTBO xpomocom 4n, T.e. b aea pa3a SoaBine, 
hcm y ncxoaHOH annaoHanbie KaeTKH. H ToaBKO nocae aeaeiniH Taxon 
TeTpanaonaHOH (4c) KaeTKH CHOBa B03HHKHyr aBe ncxoaHBie annaoHaHBie KaeTKH. 

B aapax HHTep(|)a3HBix KaeTOK bbihbhtb c homo hi bio m o p cj) o a o r w h e c khx MeToaoB 
Teaa xpomocom oneHB TpyaHO. CoSctbchho xpomocombi xax neTKHe, naoTHBie, 
xoporno BHaHMBie b cbctoboh MHKpocKon Teaa bbihbhhiotch ToaBKO He3aaoaro nepea 
KaeTOHHBiM aeaeimeM. B caMOH ace HHTep(|)a3e xpomocom ktk naoTHBix Tea He 
BHaHO, Tax Kax OHH iiaxoanTCH b pa3pBixaeHHOM coctohhiih. B iniTep(|)a3e 
nponcxoaHT yaBoeHHe, peaynaHKapna xpomocom. 3tot nepnoa xapaKTeproyeTCH 
CHHTe30M /THK, oh Ha3BiBaeTca CHHTeTHaecKHM, nan s-nepHoaoM. Kax pa3 b sto 
BpeMa b KaeTKax oSHapyacHBaeTca KoanaecTBO /THK SoaBmee, aeM 2c. riocae 
OKOHaaHHa s-nepnoaa KoanaecTBO /THK b HHTep(J)a3HOM nape paBHO 4c, h6o 
npoH3omao noaHoe yaBoeHHe xpOMOCOMHoro MaTepnaaa. OaHaKO MOpcjionorHHecKH 
perncTpHpOBaTB yaBoeHHe nncaa xpomocom Ha 3toh CTaann He Bceraa yaaeTca. 
CoScTBenno xpomocombi Kax HHTeBHaHBie naoTHBie Teaa naHnnaiOT o6napy >km BaTBca 
MHKpocKonHnecKH b Hanaae npopecca aeJieHHa KaeTKH, a hmchho b npo(J)a3e 
MHTOTHnecKoro aeaeiniH KaeTKH (pHC. 31). Echh nonBiTaTBca noacwraTB hhcho 
xpomocom b npo(J)a3e, to hx KoanaecTBO 6yaeT paBHO 2n. Ho 3to aoacHoe 
BneaaTaeHHe, noTOMy hto b npo(J)a3e xaacaaa H3 xpomocom afioimaa b pe3yaBTaTe hx 
peaynaHKapHH. Ha stoh CTaann napa xpomocom TecHO conpHKacaeTca apyr c 
apyroM, B3aHMHO cmipaaroyacB oaHa OTHOCHTeaBHO apyroii, noaTOMy TpyaHO 
yBHaeTB aBOHCTBeHHOCTB Been CTpyKTypBI B U,eaOM. n03aHee XpOMOCOMBI B KaacaOH 
Taxon nape nanunaiOT ooocaoanBaTbca, pacKpyHHBaTBca. Taxaa aBOHCTBeHHOCTB 
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xpOMOCOM b MHT03e HaSaioaaeTca aaace y acHBBix rjictok b KOHn,e npo(f)a3bi, xoraa 
BHflHO, HTO o6mee HHCJIO xpOMOCOM B TaKOH HaHHHaKDmefi fleJlHTBCa KJieTKe paBHO 
4n. CaeaoBaTeabHO, yace b Hanaae npo(|)a3Bi xpOMOCOMBi cocToaan H3 aeyx 
CeCTpHHCKHX XpOMOCOM, HJ1H, KaK HX eme Ha3BIBaK)T, XpOMiaTH/J. 

H b npo(J)a3e, h b caeayiomeM nepnoae aeaemia kjictkh - b MeTa(|)a3e - 
cecTpHHCKHe xpOMOCOMBi ocTaioTCH cBH3amibiMH apyr c apyroM b Brine napbi. B 
MeTa(|)a3e nponcxoaHT BbiCTpaHBaHHe xpOMOCOM b 3 k b aT o p m an bhoh nnocKOCTH 
KJieTKH h OKOHHaTeabHoe hx pa3beaHHeHiie. H b npocjiaae h b MeTacjiaae kjictkh 
ocTaiOTca TeTpanjiOHaHbiMii. 

B aHa(J)a3e naeT pacxoacaeHHe Kaacaoii H3 xpOMOCOM aaHHOH napbi k 
n poT m bo nonoacHBi m nojiiocaM kjictkh, nocjie Hero nanHiiacT aenHTBca tcjio 
HexoaHOH kjictkh. 3aTeM b Tejio(|)a3e paBOHieauiHCca arinnorianBie (2n) naSopri 
xpOMOCOM HanHHaiOT aeKOHaeHCHpOBaTBca. OTaenbHbie xpOMOCOMBi TepaiOT cboh 
HeTKHC onepTaiiHH h Tenepb yace BHyTpH hoboto HHTep(j)a3Horo aunnonanoro aapa c 
2c /THK TpyaHO y3HaTb xpOMOCOMBi, KOTOpbie mbi mo ran BHaeTb bo BpeMa MHT03a. 
Tax saKaimiiBacTCH oaHH xpOMOCOMHbiii u,HKa h nawHiiacTca caeayiomiiH. 

06maa MOp(|)OaorHH MMTOTHHeCKHX XpOMiOCOMI 

XpOMOCOMBi Bcex oy KapHOTHae ckhx KaeTOK nocTpoeHBi no oaHOMy naaHy. Ohii 
BKaionaiOT b ce6a Tpn ochobhbix KOMnoHeHTa: coSctbchho Teao xpomocombi 
(naeno), TeaoMepHBiii, koiichiibih ynacaoK, h ueiiTpoMcpy. HanSoaee npocTO 
ycTpoeHbi xpomocombi apoacaceBBix KaeTOK: naaoHKOBHanoe Teao xpomocombi Ha 
oaHOM KOHpe HMeeT TeaoMepy, a Ha apyroM - ueiiTpoiviepy (pnc. 32). Xpomocombi 
acHBOTHBix h pacTeHiiii Taxace npencTaBnaiOT co6oh naaoHKOBiianBie CTpyKTypBi 
pa3Hoii aaiiHBi c aoBOHBHO no CToaHHoii ToauiiiHOH, ho o6bihho HMeiOT aBa 
xpomocomhbix nneaa, coeanHeHHBix b 30He pempoMepBi. 3Ta 30Ha Ha3BiBaeTca 
nepBHHHoii nepeTHacKoii. CooTBeTCTBemio o6a naeaa xpomocombi OKaHHHBaiOTca 
TeaoMepaMH (pnc. 32). Xpomocombi c paBHBiMH nan noHTH paBHBiMii naenaMH 
Ha3biBaiOT MieTapeHTpHHecKHMH, c naeaaMH HeoaHHaKOBOH aaHHBi - 
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Cy6MeTaueHTpHHeCKHMH. IlaaOaXOBHaHBie XpOMOCOMBI C OHeHB KOpOTKHM, nOHTH 
He3aMeTHBiM BTOpBiM naeaoM - aKpoueHTpHHecKHe. 

B oSnacTH nepBiimiOM nepeTaacxn (pempoMepBi) pacnoaoacen KHHeToxop - 
naacTHHaaraa CTpyKTypa, HMeiomaa cjiopMy aHexa. K HeMy noaxoaaT nyaxn 
MHxpOTpySoaex m h tot h a e c ko ro BepeTeHa, Maymae b nanpaBaemni k uenTpuoaaM. 
3th nyaxn MHxpOTpySoaex npunuMaiOT yaacrae b aBMaceniin xpomocom k noaiocaM 
KaeTKH npH MHT03e. 

06bihho xaacaaa xpOMOCOMa iiMeeT tohbko oaHy pempoMepy ( m o ii o h e ii t p h h e c k h e 
xpomocombi), ho MoryT BCTpeaaTBca xpOMOCOMBi anuenTpimecKHe h 
n oa n ue iit p h h e c kti e , T.e. ooaaaaiomiie m n o>Ke ct b e n n bi m h KHHeTOxopaMH. 

B 30He nepBHHHOH nepeTaacxn npucyTCTByeT oco6aa, ueiiTpoMepnaa, careaaHTHaa 
7)HK, OTanaaiomaaca bbicokhm ypOBHeM noBTOpeHHOCTH HyKaeoTHaHBix 
nocaeaoBaTeaBHOCTeH. 

HeKOTOpBie xpomocombi hmciot BTopnaHyio neperw/KKy. riocaeanaa oSbihho 
pacnoao'/Kcna b6hh3ii ancTaaBnoro xoHpa xpomocombi h OTaeaaeT MaaeHBxiiH 
yaacTOK, cnyTHHK. BTOpHaHBie nepeTaacxn Ha3BiBaiOT, KpOMe toto, HapbiiHKOBbiMM 
opraHH3aTopaMH, Tax xax hmchho Ha bthx yaacTxax xpomocom b HHTep(jia3e 
nponcxoaHT o6pa30BaHHe aapBimxa. 3aecB ace aoKaaH30BaHa /THK, OTBeTCTBeHHaa 
3a CHHTe3 pPHK. B xpOMOCOMax aeaoBexa aapBiniKOBBie 0praHH3aT0pBi 
pacnoaoaceHbi b kopotkhx naeaax b6hh3ii ueiiTpoMep. 

riaean xpomocom OKaiiHHBaiOTca TeaoMepaMH, KOHeaHBiMH yaacTxaMH. 
TeaoMepHBie kohu,bi xpomocom He ctiocooiibi coeaHHaTBca c apyrHMH xpOMOCOMaMH 
nan hx (jiparMeHTaMH, b OTanane ot xohijob xpomocom, aumeHHBix TeaoMepHBix 
yaacTKOB (b pe3yaBTaTe pa3pBiBOB), KOTOpBie MoryT npHCoeaHHaTBca k tbkhm ace 
pa30pBaHHBiM KOHpaM apyrnx xpomocom. B TeaoMepax aoxaarooBaHa oco6aa 
TeaoMepHaa 3amnmaiomaa xpOMOCOMy ot yxopaaHBaHna b npopecce CHHTe3a 

A HK. 

Pa3MepBi xpomocom y pa3HBix opraHH3MOB BapBHpyiOT b uiHpOKHx npeaeaax (pnc. 
33). Tax, anHHa xpomocom MoaceT xoaeSaTBca ot 0,2 ao 50 mxm. CaMBie Meaxne 
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xpOMOCOMM o6Hapy>KHBaK)TCfl y HeKOTOpBix npocTeiimHx, rpnSoB, Boaopocaeil, 
oneiib MejiKHe xpomocombi - y jiBHa h Mopcxoro KaMBima; ohii HacTOJiBKO MaaBi, hto 
C TpyflOM BHflHBI B CBCTOBOH MHKpOCKOIT. HanSoaee flHHHHBie XpOMOCOMBI 
o6napy>Kenb[ y HeKOTOpBix npHMOKpBiaBix HaceKOMBix, y aMcjmSHH h y HHaeimBix. 
,Zl,jiHHa xpOMOCOM neaoBeica naxoanTca b npeaeaax 1,5-10 mkm. 

BhCHO xpOMOCOM y pa3HHHHBIX oObCKTOB TBK>Ke 3HaHHTeHBHO KOHeSaCTCfl, HO 
xapaKTepHO ana Kaacaoro BH^a jkhbothbix h pacTeHHH. Y HeKOTOpBix panHoanpim 
hhcjio xpOMOCOM aocTiiraeT 1000-1600. PeicopacMeHOM cpean pacTeHHH no nncay 
xpOMOCOM (okojio 500) aBJiaeTca nanop othhk yacoBHinc, 308 xpOMOCOM y TyroBoro 
aepeBa, y penHoro paica 196 xpOMOCOM. HaHMeHBmee kojihhcctbo xpOMOCOM (1 
xpOMOCOMa Ha rannonanBiH na6op) naSaioaaeTca y oanon H3 pac acKapn^Bi, y 
cno>KHOH,BeTHoro Haplopappus gracilis Bcero 4 xpomocombi (2 napBi). 

COBOKynHOCTb HHCJia, BeaHHHHbl H MOp(|)OJIOrHH XpOMOCOMi Ha 3 bIBaeTCH 
KapHoranoM aamioro BH^a. KapnoTHn - 3to Kaic 6bi jiiiu,o BHaa. ^aace y 6jih3khx 
BHflOB XpOMOCOMHBie IiaOopBI OTHHHaiOTCH flpyr OT apyra HJ1H no HHCJiy xpOMOCOM, 
HJ1H no BeJIHHHHe XOTH 6bI OailOH HJTH HeCKOJIBKHX XpOMOCOM, HJTH nO (J)OpMe 
xpOMOCOM n no nx CTpyKType. OrpyKTypa Kapnorana nannoro BHaa He 3aBncnT hh 
ot Tima KJieTOK, hh ot B03pacTa 5khbothoto hjih pacTeniiH. Bee khctkii 
HHTTHBHTTyyMOB OflHOTO BH^a HMeiOT HfleHTHHHBie HaSopBI XpOMOCOM. IIpOCTOH 
MOpcjDOJIOTHHeCKHH aHaJIH3 MO'/KCT ySeflHTeJIBHO nOKa3aTB pa3JIHHHa B KapHOTIinaX 
aaace y 6jih3khx bh^ob. CaeaoBareaBHO, CTpyicrypa KapHOTima MO>KeT 6bitb 
TaKCOHOMHnecKHM ( c h c t e m aT h h e c k h m ) npH3HaKOM, KOTOpBiH Bee name HcnonB3yeTca 
B CHCTeMaTHKe 5KHBOTHBIX H paCTCHHH (pHC. 34). 

B nocaeaime roaBi b npaKTHKy xpOMOCOMHoro anaairia CTaan miipoxo bxoahtb 
MCToaBi a h (|) cj) e p e 1 1 u H a a b n o ro OKpamnBaHna xpOMOCOM. BnepBBie mctoh 6bia 
npeaao'/Ken KacnepccoHOM, kotopbih noKa3aa, hto npn o6pa6oTKe npenapaTOB 
MHTOTHHeCKHX XpOMOCOM C nOMOIHBK) (JinyOpOXpOMa aKpHXHHHnpHTa BO 
(JiayopecpeHTHOM MHKpocKone BH^Ha HCHepneHHOCTB no anmie xpOMOCOM. B 
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xpOMOCOMax 6bijih bhtthbt nonepenHBie CBeTamneca nonocBi («63habi») (Q- nonocBi, 
Q-OKpacKa), pacnonoacemie KOTOpBix 6bijio xapaKTepno aaa xaacaon xpomocombi. 

3aTeM OKa3anocB, hto ncnepneHHOCTB Tena xpomocombi, ee cnocoSHOCTB 
ancjxjiepeHiiHanBHO oxpanniBaTBca no aJiHHe, MoacHO bbimbhtb c noMoniBio 
HeiJmyopeciiHpyioinHx xpacnTenen (HanpHMep, CMecB no rnM3a: MeTHJieH-a3yp, 
MeTHJieHOBBIH (jlHOneTOBBIH, MeTHJieHOBBIH CHHHH H 303HH). Ilepea OKpaCKOH 
npenapaTBi o6pa6aTBiBaK)T pa3HBiMH cnocooaiviM (xopOTxaa o6pa6oTKa TpnncnHOM, 
meJIOHHBIMH HJ1H KHCJIBIMH paCTBOpaMH H flp.). B 3aBHCHMO CTH OT MCTOHa OXpaCXII 
MO>KHO BBMBHTB OKpaUIIIBaHHe npIiU,eHTpOMepHBIX ynaCTKOB (C-nOJIOCBI HJ1H 
nepeBH3KH) hjih pasanmiBie nonocBi b nnenax n TenoMepax xpomocom (G-nonocBi). 
npn 3tom, Tax ace xax npn oxpacxe axpHxiiHiinpnTOM, pacnonoacemie nonoc 
xapaxTepHO ana xaacaon xpomocombi (pnc. 35). 

HHTepecHO, hto nonyneHne an(|)(|)epeHii,HanBHOH oxpacxn xpomocom CBinaHO, 
cxopee Bcero, c pa3JinnHon cnocoSHOCTBio x ncxyccTBeHHon aexoHaeHcan,HH pa3HBix 
ynacTxoB xpomocom. Tax, a n c|) (|) e p e n n h an b ii y i o oxpacxy, cooTBeTCTByiomyio C- n G- 
nonocaM, MoacHO nonywrB npn oxpacxe oobihiibim reMaTOxcnnnHOM nnn npocTO 
naSnioaaTB noa (J)a30BBiM xompacTOM Ha 1 1 e cf ) m kc m p o b a n n b i x xpOMOCOMax b 
npopecce nx nocTeneHHon aexoHaeHcapnH npn yaaneHnn aByxBaneHTHBix xaTHOHOB 
n3 oxpyacaiomnx xpomocombi pacTBOpOB, T.e. na6nioaaTB a h (|) c|) e p e i m h an b ii y i o 
aexoHaeHcapnK) MHTOTnnecxnx xpomocom. 

Taxaa a h c|) c|) e p e ii mi an b n aa oxpacxa no3Bonnna aeTanBHO H3ynnTB CTpoeHne 
xpomocom nenoBexa. npn oobihiibix MeToaax oxpacxn BecB na6op H3 46 xpomocom 
nenoBexa npnHaTO noapa3aenaTB no nx pa3MepaM Ha 7 rpynn (A, B, C, D, E, F, G). 
Ecnn npn 3tom nerxo OTnnnnTB xpynHBie (1, 2) xpomocombi ot Menxnx (19, 20), 
m ct a n e n t p h l i e ck n e ot axpopeHTpnnecxnx (13-a), to BHyTpn rpynn TpyaHO 
paanHHHTB oaHy xpOMOCOMy ot apyron. Tax, b rpynne C 6-a n 7 -a xpomocombi 
cxoacn Meacay co6on Tax ace, xax n c X-xpOMOCOMOH (pnc. 36). ,Z],H(J)(|)epeHu,HanBHoe 
oxpaniHBaHne no3BonaeT hctko otthhhtb 3th xpomocombi apyr ot apyra (pnc. 37). 
3tot npneM pnTonornnecxoro aHann3a b coneTaHnn c reneTHwecKHMn 
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naSjnoaenHJiMH y>xe b nacToamee BpeMH no3BOjnui nawaTb cocTaBJiaTb xpOMOCOMHBie 
KapTti nejiOBexa, T.e. naxoanTb MecTa pacnoHO/xemiH reHOB Ha onpeaejiennbix 
ynacTxax xpomocom (pnc. 38). 

He cm ot pa Ha to, hto MOJiexyjiapHbie MexaHH3Mbi Taxon cnemi(j)HHecKOH OKpacKH 
^0 chx nop eme He achm, MHorne nccaeflOBaTejiH Taxyio enoeoSHOCTb OT^ejibHbix 
ynaCTKOB XpOMOCOM K OKpaiHHBaHHK) CBfl3bIBaiOT C HX XHMHHeCXHMH pa3JIHHHHMH. 
Bojibmoe hhcjio naSaioaennH roBOpHT o tom, hto roOnpaTejibHoe OKpaniHBaHHe 
CBH3aHO c jiOKajiH3au,HeH Tax Ha3biBaeMoro reTepoxpOMaTHHa, /)HK xoTOporo 
oSorameHa A- h T-ocHOBaHHHMH. 

KjieTOHHblH UHKJ1 3yKapHOT 

B OTJIHHHe OT KJieTOHHOTO U,HKJia npOXapHOT 3yKapHOTHHe C KHe KJieTKH yHBaHBaiOT 
hhcjio cbohx xpomocom b pe3yjibTaTe CHHTe3a /)HK 3a^ojiro no u,iitotomhh, ho 
pa3flejieHHa hcxo^hoh xjictxh Ha a Be nowepiine. H BpeMH npOTexaHHa KJieTOHHOTO 
pnxjia y ayKapHOT 3na L iHTeabno Sojibine BpeMemi KJieTOHHOTO pnxjia SaxTepHii. Tax, 
ecjiH fljia SaxTepnajibHbix xjieTOx BpeMa ot nejienna no aeaemia xjictxh eocTaBJiaeT 
20-30 mhh., to y oflHOXJieTOHHbix ayxapHOT, TaxHx xax Hii({)y3opna Tyc|)ejibxa 
xjieTOHHbiH h,hxji 3aHHMaeT y>xe 10-20 nacoB, BpeMH xneTOHHoro pnxjia y aMeobi 
cocTaBJiaeT oxojio 1,5 cyrox. Oxojio cyTOx 3aHHMaeT xjieTOHHbiH iihxji h y 
MHOTOXJieTOHHblX OpTaHH3MOB . 

KjieTXH MHOTOXJieTOHHblX OpTaHH3MOB oSjiaflaeT pa3HOH cnocoOnocTbio X 
flejieHHio. Ecjih b paHHeM 3M6pHoreHe3e xjictxh jxhbothbix opraHH3MOB ^ejiaTca 
nacTO, to bo B3pocjiOM opraHH3Me ohh Sojibuien nacTbio TepaiOT 3Ty enocoSHOCTb. Y 
xpyrabix nepBeii h xojiOBpaTOx xjictxh TepaiOT enocoSHOCTb x ^ejieHHio nocjie 
npoxo/xnemia 3M6pHOHajibHoro pa3BHTHH, h pocT opraHH3Ma, HanpHMep y acxapHflbi, 
nponcxoflHT He 3a cneT pocTa HHCJia xjieTOx, a 3a cneT yBejiHneHHH hx pa3Mepa. 

B opraHH3Me bbichihx ho3bohohhbix xjieTxn pa3JiHHHbix TxaHeii h opraHOB hmciot 
neoannaKOByio cnocoOnocTb x aeaemno. 3necb BCTpenaiOTca xjictxh, nojiHOCTbio 
noTepHBHine cbohctbo aeJiHTbca: 3to Sojibmeii nacTbio cneu,HajiH3HpOBaHHbie, 
AH(|)(|3epeHH,HpOBaHHbie xjictxh (HanpHMep, xjictxh pempajibHOH HepBHoii eiiCTeMbi, 
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Kap^HOMHOiiHTM, KJieTKH xpycTajiHKa raa3a). B opramoMe cctb nocToanno 
oSnoBaaiouinecH TKaHH (paxiMHiibie shhtcjihh, KpOBb, KJieTKH pbixjioii h njiOTHoii 
coeflHHHTeubHbix TKaHeii). B stom ejiynae b ttkiix TKanax cymecTByeT nacTb kjictok, 
KOTOpbie nocTO^HHO aeaHTCfl (HanpHMep, KJieTKH 6a3anbHoro cjioh noKpOBHoro 
3IIHTeJIH5I, KJieTKH KpHnT KHHICHHHKa, KpOBCTBOpHbie KJieTKH KOCTHOTO M03Ta H 
cejie3eHKH), 3aMemra OTpaSoTaBrnne hjih nornSaiomHe KJieTOHHbie ranbi. Mhothc 
KJieTKH, He pa3MHO>KaiomHecM b o6bihhbix ycjiOBH^x, npnoSpeTaiOT bhobb sto 
cbohctbo npn npopeccax penapaTHBHoii pereHepau,HH opraHOB h TKaHeii. 

npHMepHO TaKHe >Ke THnbi kjictok no choco6hocth hx BCTynaTb b nejieHHe 
BCTpenaiOTCH h y pacTHTejibHbix opraHH3MOB : 3to KaMOnaabiibie kjictkh, naiomne 
Hanajio pa3JiHHHbiM opraHaM h TKamiM, kjictkh khtchcheho neJoimiiecH, sto kjictkh, 
B03o6HOBJHnoiHHe nejieHHe npn pereHepau,HH, sto .zpnjxjiepeHiiHpoBaHHbie kjictkh, 
noTepuBHine b ecTecTBeHHbix ycjiOBHux enoeoSHOCTb nejiHTboi. 

KJieTKH MHOTOKJieTOHHblX 5KHBOTHBIX H paCTeHHH, TaK /KC KaK OflHOKJieTOHHbie 
syKapHOTHnecKHe opraHH3Mbi, BCTynaiOT b npopece nejieHHH noejie pana 
noflroTOBHTejibHbix npoueeeoB, BamieHHiHM H3 KOTOpbix flBjiaeT ch chutci ^HK. 

Beeb CMbieji KJieTOHHoro nejieHHH 3aKJHOHaeTca b paBHOMepHOM paenpenejieHHH 
peflynjiHH,HpOBaHHoro reneTiiiecKoro MaTepnajia no HByivi hobbim KJieTKaM. 
CjieflOBaTejibHO, Hymio OKH^aTb, hto OTaeaeniHi n o nejieinui rae-TO b TeHemie 
>kh3hh KJieTKH flOJHKeH cymecTBOBaTb nepnon CHHTe3a ^HK. 3to npeanoaO/Kemie 
6bijio noflTBep)KfleHO b pa^HoaBTorpa^HHecKHx 3KcnepHMeHTax. Ecjih 
pa3MH05KaK)IHHMCa KJieTKaM 5KHBOTHBIX HJIH paCTeHHH JiaTb Ha KOpOTKOe BpeMU 
MeneiibiH npeauiecTBenniiK ,ZI,HK, a 3aTeM ero yopaTb (TaK Ha3biBaeMoe HMnyjibCHoe 
lYieHemie), to oh 6yreT BKjnoiaTbCH tojibko b Te kjictkh, b KOTOpbix bo BpeMn 
SKcnepHMeHTa rneji chhtc3 ,H,HK. B reTeporeHHoii nonyrnm,HH kjictok, epenn 
KOTOpbix 6bijih KaK aejHiLiniecfl, TaK h nenejuimnecH kjictkh, MeTKa BKJnonajiacb 
TOJIBKO B HaCTb HHTep(J)a3HBIX KJICTOK. 3t0 HaSjHOflCHHC nOKa3BIBaJIO, HTO CHHTC3 
,E(HK npoHexoflHT tojibko b HHTep(J)a3e, b KOTOpoii cymecTByiOT nepHOflbi, Korna 
CHHTe3 ,ZI,HK He n poii exon ht; OTcyTCTBne mctkh b HeKOTOpbix HHTep(|3a3Hbix kjictkbx 
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Morao rOBOpHTb, HTO B HHX CHIITCB ^HK HJTH 6 LHC He IiaHHIiailCH, MJ1M y>Ke 
3aKOHHHJIOL 

3to nojio>KeHHe 6bijio aoKaaano cjieayiomiiM o6pa30M. Ecjih KJieTKaM aaTb 
HMnyjiBCHyK) MeTKy (HanpHMep, MeneHHBiH TpHTHeM npeaHiecTBeHHHK ^HK, 
thmhahh), a 3aTeM na6;nonaTb 3a pacnpeaejienneM mctkii cpean kjictok, bjhtbix 
wepea onpeaejrennbie HHTepBaabi BpeMeHH, to mo>kho na6;nonaTb cjreayiomyio 
KapTHHy. Hepe3 HeKOTOpoe BpeMH b oopaauax 6yayT BCTpenaTbca KaK Mewenbie 
iiHTep(j)a3Hbie kjictkh, Tax h neMenenbie kjictkh h neJiimniecH kjictkh, He 
coaep>KamHe MeTKy. ^ejiamneoi, ho He coaep^Kamne mctkh - tto Te kjictkh, 
KOTOpbie y>Ke 3aKOHHHjiH CHHTe3 /TETK no Hanajia 3kc nepHMeHT a . no3anee b 
npenapaTax naiiinaiOT noaBJiaTbca Menenbie aeaauHiecH kjictkh. 3to KaK pa3 Te 
KJieTKH, KOTOpbie b MOMCiiT BBeaeinni Mewenoro npeaniecTBeHHHKa b HHTep(jia3e 
CHHTe3Hp0BajiH /)HK, 6bijih b cHHTeTHHecKOM nepiione (S-nepiion). Hepe3 
HeKOTOpoe BpeMa CHOBa noaBJiaiOTca neMeieiibie ae,iimniecH kjictkh, Te, KOTOpbie b 
MOMeHT BBeaeHHa MeneHoro npeaniecTBeHHHKa b HHTep(J)a3e eme He BCTynnjiH b S- 
nepnoa. HaKOHeu,, CHOBa hohbjhhotch MeneHbie aeJiamHeca kjictkh - sto Te, KOTOpbie 
BCTynHJiH b ^ejieHHe y>Ke BTOpoii pa3. Ecjih nocTpOHTb rpa(J)HK BCTpenaeMOCTH 
Menenbix mhto30b (pnc. 39), to nojiyniiT ch MHoroBepmiiHHaa Kpimaa: tohkh Me>KHy 
coceaHHMH BepiHHHaMH 6yayr OTpa>KaTb nonHyio anHTejibHOCTb BpeMeHH ot 
nejreinni no aeaemia kjictkh - aaHTeabiiocTb KJieTOHHoro piiKJia. BpeMH ot naiajia 
3KcnepHMeHTa a o noaBJieHHa nepBbix MeneHbix mhto30b - 3to BpeMa HHTep(|)a3bi 
nocjie S-nepHoaa, nocTCHHTeTHHecKHH nepiioa hjih, KaK npHHUTO ero o6o3HanaTb, 
G2-nepHoa. 

OKa3ajiocb, hto S-nepnoay npeaniecTByeT npecHHTeTHHecKHH nepnoa, Gi- 
nepnoa, 0Tpe30K BpeMeHH, npeaniecTByiomHH Hanajiy CHHTe3a ,H,HK. 3naa 
anHTejibHOCTb KJieTOHHoro CHHTe3a, no npoueiiTy MeneHbix kjictok npn HMnyjibCHOM 
BBeaeHHii MeneHoro npeaHiecTBeHHHKa mo>kho paccHHTarb aJiHTejibHOCTb S- 
nepHoaa. TaK, HanpHMep, npn BpeMeHH T, paBHbiM 20 nacaM, cpean kjictok 
BCTpenaeTca ao 30% kjictok, Mewennbix 3 H -thmhhom, H3 Hero cjieayeT, hto 


fljiHTejibHOCTb S-nepHo^a 3aHHMaeT okojio 7 aacoB. TaKHM o6pa30M, Beet KaeTOHHbiH 
I],HKJ1 COCTOHT KaK 6tl H3 HeTblpeX OTpe3KOB BpeMeHIi: COSCTBeHHO MHT03 (M), 
npeCHHTeTHHeCKHH (Gi), CHHTeTHHeCKHH (S) H nOCTCHHTeTHHeCKHH (G 2 ) nepHOABi: T 

= Gi + S = G 2 + M. 

Kax 6bijio naHaeno, o6maa n p oaoa >k h Tea b n o ct b KaK Bcero KaeTomioro ipncaa, TaK 
h OTaeabiibix ero OTpe3KOB (nepnoaoB) anawHTeabno BapbHpyiOT He tojibko y pa3Hbix 
OpraHH3MOB, HO H y KHCTOK pa3HbIX OpraHOB OflHOTO OpraHH3Ma. 


TaSanpa 2. ^aHTeabHOCTb m htothh e c ko to piiKaa h ero nepnoaoB (b aacax) 



Mhtoth- 





Bha 

BeCKHH 

MHT03 

Gi 

S 

g 2 


PHKH 






BnKa noceBHaa (20°C) 


BOKOBbie KOpHIi 

18,1 

1,0 

3,7 

8,0 

5,4 

Iopox (22°) 

19,3 

2,3 

6,7 

8,0 

2,3 

Kybypysa 

KaeTKH nepH^epini aexaHKa 

22,5 

2,2 

6,3 

6,7 

7,3 

MbIHIb 

3nHTeaHH tohkoh khtttkh 

18,75 

1,0 

9,5 

7,5 

0,75 

3miTeaHH poroBHpbi 

72,0 

0,75 

- 

8,50 

4,0 

L-KaeTKH 

(onyxoaeBbie (j)H6po6aacTbi) 

20,0 

1,0 

9-11 

6-7 

3-4 

KpoBeTBOpHbie KaeTKH 

24,0 

0,5-1 

9,0 

10 

4,5 
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CymecTByiOT oSneKTEj c 6onee kopotkhm KJieTOHHWM h,hkhom . TaK y HeKOTOpBix 
apoaoKeit oh 3aHHMaeT 1,5 naca, a npH npoOaeiiini 3M6pHOHajiE.Ht.ix kjectok aM(j}H6HH 
- 0,5 naca. 

Pa3JiHHHt.ie nepHO^Bi KJieTOHHoro miK.ia OTHHHatOTca apyr ot apyra no o6meMy 
coaep'/Kanmo b KJieTKax SeaKa, /JHK ti PHK ti no ypOBHio (HHTeHCtiBHOCTn) hx 
CHHTe3a. 

B Gi-nepnoae kjictkh hmceot annaonaHoe coaepacamie /THK Ha aapo (2c), b S- 
nepnoae coaepacamie ,Z(HK KoaeSaeTca ot 2c 30 4c, b G 2 -nepHoae coaepacamie ^HK 
cooTBeTCTByeT t e t p a n a o h a n o m y (4c). CaenoBaTeaiaio, ecan mbi roynaeM 
oaiiopoanyio nonyaamno KaeTOK, to npocTBiM HyTeM (jDOTOMeTptni ,ZJHK b 
EiHTepcj)a 3 HBix KaeTKax mojkho onpeaeanTB, b kbkom 113 nepnoaoB KaeTomioro ptiKaa 
naxoaHTCH Ta nan imaa KaeTKa (pnc. 40). 

KoannecTBO PHK b KaeTKax Ha pa3HBix 3Tanax u,HKaa TaKace MO>KeT MeiiaTBca; b 
tiHTeHCtiBHO aeaflunixca KaeTKax coaep'/KaiiHe PHK b Teneiiiie HHTep(J)a3Bi 
yBeaHHHBaeTca no KpaHHen Mepe b 2 pa3a. nocae /jeaemia b nepnoa Gi nocTynaiOT 
aonepHHe EcaeTKa, no oSneMy ti no o6meMy coaepacaHHEO 6eaKOB ti PHK B^Boe 
MeHBiHtie, neM ncxoaHaa poaHTeatCKaa KaeTKa. B 3to BpeMa HaamtaeTca pocT 
KaeTOK, raaBHBiM o6pa30M 3 a chct iiaKonaemiH KaeTOHiiBix SeaKOB, hto 
onpeaeaaeTca yBeanneHtieM KoannecTBa PHK Ha KaeTKy. HeoGxonmvio bchomhhtb, 
hto b TeneHEie Bcero MHT03a (ot no3^HeH npoc})a3Bi ao cpeaHeil Teao(J)a3Bi) b KaeTKe 
ctiHTe3 PHK noaHOCTBio noaaBaen, no3TOMy HaKonaeHtie KaeTOHHBix SeaKOB h PHK 
CBH3aHO c B03o6HOBaeHHeM CHHTe3a PHK b Hanaae hoboto KaeTOHHoro u,HKaa. B S- 
nepnoae ypOBeHB CHHTe3a PHK B03pacTaeT cooTBeTCTBeHHO yBeaHHeHHto 
KoannecTBa /THK, aocTiiraeT CBoero MaKCHMyMa b cepeamie G 2 -nepnoaa. B KOHpe 
G 2 -nepHoaa nan b npo(J)a3e CHnre3 PHK pe3KO naaaeT no Mepe KOHaeHcatiini 
MHTOTHHeCKHX XpOMOCOM El CHOBa nOaHOCTBEO npeKpattiaeTCH BO BpeMH MHT03a. 

CnHTe3 6eaKa bo BpeMa MHT03a naaaeT ao 25% ot iicxoanoro ypoBiia h 3aTeM b 
nocaeaytOEEinx nepnoaax aocTHraeT CBoero MaKCHMyMa b G 2 -nepHoae, b o6itieM 
noBTOpaa xapaKTep CHHTe3a PHK. 
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OTflejiBHLie nepHOflBi HiiTepcJjasBi OTTiiiaiOTCH apyr ot apyra He tojibko oolhmm 
co^ep>KaHHeM h aKTHBHO ctbio CHHTe30B /THK, PHK h 6enKa, ho h xapaicrepOM 
CHHTe3HpyeMBix PHK h ocjikob. 

TaKoe peryaapHoe noBTOpeHHe n o cji eaoBarejiBH o cth khctohiibix u,hkjiob jierKO 
mo>kho naSaioaaTB bo BpeMa nporpeccHBHoro pocTa kjictok KyjiBTypBi TKami. B 
ecTecTBeHHBix ycjiOBHax b paciymHx TKaroix pacTeHHH h jkhbothbix Bceraa ecTB 
KJieTKH, KOTOpBie HaxoanTca «BHe u,HKJia», He npoxoaaT peryjiapHO H3 Gr b S-, 3aTeM 
b G 2 - h noTOM b M-(J)a3y; Taicne kjictkh npinoiTO H33BiBaTB KJieTKaMH Go-nepnoaa 
Hmchho 3th KJieTKH npeacTaBJiaiOT co6oh TaK Ha3BiBaeMBie noKoamHeca, 
nepecTaBHiHe pa3MH05KaTBca KJieTKH. noa aeiiCTBHeM cneu,Hcf)HHecKHx Scjikobbix 
pOCTOBBIX (jiaKTOpOB HJIH MHTOTeHOB OHH MOTyT CHOBa BCTynaTB B KJieTOHHBIH U.HKJI H 
nanaTB aejniTBCH. B HeKOTOpBix TKanax TaKHe kjictkh Go-(J)a3Bi MoryT naxoaiiTBca 
fljiHTejiBHoe BpeMa, He H3Memni oco6emio cbohx MOp(J)OJiorHHecKHx cbohctb: ohh 
coxpaHaiOT b npHHu,Hne choco6hoctb k aeJieHHio, npeBpamaacB b KaMSnajiBHBie, 
CTBOJiOBBie KJieTKH (HanpHMep, b KpOBeTBOpHOH TKaHn). Ha me TaKaa noTepa (xoth 
6bi h BpeMeHHaa) choco6hocth aeJiHTBca conpOBOiKaaeTca cneu,HajiH3au,HeH, 
^H(J)(J)epeHu,HpOBKOH KJieTOK. B 3tom cjiynae ^H(J)(j)epeHu,HpyiOHiHeca kjictkh 
BBIXOflUT H3 U,HKJia, HO B OCOSbIX yCJIOBHUX MOTyT CHOBa BXOflHTB B U.HKJI. TaK, 
HanpHMep, Sojibhihhctbo kjictok neneHH HaxoaHTca b Go-nepnoae; ohh He 
ynacTByiOT b CHHTe3e /THK h He aeJiaTca. OflHaKO ecjin npoH3BecTH yaajieHHe nacra 
neneHH, to mho rue kjictkh naminaiOT noaroTOBKy k MHT03y (Gi-nepnoa), nepexoa^T 
k CHHTe3y /THK h MoryT m HTOT iiHecKH aejniTBca. B apynix opraHax, BBixoaa H3 
KJieTOHHoro u,HKJia, KJieTKH HeoSpaTHMO aH(J)(j)epeHu,HpyiOTca h TepaiOT choco6hoctb 
k aeJieHHio HaBceraa. TaK nponcxoaHT c HeiipOHaMH : HeiipoSjiacTBi, 3M6pHOHajiBHBie 
HepBHBie KJieTKH, nocjie hcckojibkhx u,hkjiob mieTomioro aeaemia TepaiOT 
enoeoSHOCTB pa3MH05KaTBca, aH(J)(})epeHu,HpyiOTca h ocTaiOTca b stom coctouhhh ao 
KOHU,a 5KH3HH OpTaHH3Ma. 

CjieayeT otmcthtb oco6o, hto y MHoroKJieTOHHBix 3pejiBix opraHH3MOB 3aBeaoMO 
SojiBinaa nacTB kjictok naxoanTca b Go-(J)a3e. npoxo/Kaemie KJieTKaMH KJieTOHHoro 
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pincaa KaK b hhtchchbho p aa m HoacaioipHxca nonyaapnax, Tax h b KaeTKax 
CTHMyaHpOBaHHBix k pasMiio'/Kemno, peryanpyeTca pea oh caoacHoii c h cae m o h 
PHKaHpyioipHx SeaxoB, ot aKTHBHOCTH KOTOpBix 3aBHCHT npoxoacpeHHe Kaacpoil H3 
CTapnii KaeToaHoro puxaa (cm. Hiiace, raaBa ). 

3HpopenpopyKpHH h noaimaoiipiiH 

Ecan peaaipneca KaeTKH Ha neKOTopoe BpeMa oxaapHTB nan o6pa6oTaTB hx 
K aKHM-anSo BeipecTBOM, paapyuiaioupiM MHKpOTpySonKii BepeTeHa (HanpHMep, 
KoaxHpiiHOM), to peaemie KaeTOK npeKpaTHTca. npH 3 tom HCweaneT BepeTeHO, a 
xpOMO combi 6e3 pacxoacpeHHa k noaiocaM 6ypyT npopoaacaTB piiKa cbohx 
npeBpaipeHHH: ohii naHiiyT naSyxaTB, opeBaTBca apepnoii oSoaoMKOii. Tax 

B03HHKai0T 3a CHCT oSBepHHeHHa BCeX Hepa30UiepHIHXCa HaSopOB XpOMOCOM 
KpynHBie hobbic appa. Ohh, ecTecTBeHHO 6ypyr copepacaTB BHaaaae 4n nncao 
xpOMarap h cooTBeTCTBeHHO 4c KoaHaecTBO /(HK. IIo onpepeaeHHio, 3 to yace He 
annaoManaa, a TeTpanaonpHaa xaeTKa. TaxHe noaiinaoHpHBie KaeTKH MoryT H3 
CTapHH Gi nepexopHTB b S-nepnop h, ecan ySpaTB KoaxnpHH, CHOBa peaHTBca 
MHTOTHaecKHM nyreM, paBaa yace hotomkob c 4n ancaoM xpomocom. B pe3yaBTaTe 
MoacHO noayaHTB noaiinaoHpHBie KaeTomibie aHHHii pa3HOH BeaHHiiHBi naoHpnocTii 
(4n, 8n, 16n h T.p.). 3 tot npneM Macao ncnoaB3yeTca paa rioayHeinia noairaaoHpHBix 
pacTeHHH. 

KaK OKa3aaocB, bo mhothx opraHax h TKaHax HOpMaaBHBix pnnaoHpHBix 
opraHH3MOB acHBOTHBix h pacTeHHH BCTpenaiOTca KaeTKH c KpynHBiMH appaMH, 
KoanaecTBO /(HK b KOTOpBix Kparao SoaBine 2n. IIpH peaeHini tbkhx KaeTOK bhpho, 
HTO KOaHHeCTBO XpOMOCOM y HHX TaK/KC KpaTHO yBCaHHeHO no CpaBHeHHIO c 
oSbihhbimh pHnaonpHBiMH KaeTKaMH. 3th KaeTKH aBaaiOTca pe3yaBTaTOM 
coMaTHaecKoii nonHnnoHpHH. HacTO 3to aBaeHne Ha3BiBaiOT 3HpopenpopyKpiieM - 
noaBaeHiie KaeTOK c yBeanaeHHBiM copepacaHHeM /(HK. IIoaBaeHHe nopoSHBix 
KaeTOK npOHexopHT b pe3yaBTaTe OTcyTCTBHa b peaoM nan He3aBepmeHHOCTH 
OTpeaBHBix 3TanoB MHT03a. CyipecTByeT HecxoaBKO tomck b npopecce MHT03a, 
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OaoKaaa KOTOpBix npuBeaeT k ero ocTaHOBKe h k noaBaemno noannaoHanbix khctok. 
Bjiok MoaceT HacTynHTB npn nepexoae ot G 2 -nepnoaa k coSctbchho MHT03y, 
ocTaHOBKa MoaceT npoH3oiiTH b npo(f)a3e h MeTa(J)a3e, b noeaeaHeM caynae nacTO 
npOHCxo^HT HapymeHHe peaocTHOCTH BepeTeHa aeaeHHa. HaKOHeu,, HapymeHHa 
h,htotomhh Taxace MoryT npexpaTHTB aeaemie, hto npimeaeT k noaBaemno 
HByaaepimix h noannaonanbix kjictok. 

npH ecTecTBeHHoii Saoxaae MHT03a b caMOM ero Hanaae, npn nepexoae G 2 b 
npo(J)a3y, kjictkh npncTynaiOT k caeayiomeMy mi Kay penaiiKamni, KOTOpbin 
npnBeaeT k nporpeccnBHOMy yBeanneHmo KoannecTBa /1HK b aape. npn ttom He 
HaSaioaaeTca HHKaKnx MOp(j)oaornnecKHx oeoSeHHOCTen tbkhx aaep, KpOMe nx 
Soabmnx pa3MepOB. npn yBeanneHnn aaep b hhx He BbiaBaaiOTca xpOMOCOMbi 
MHTOTnnecKoro Tnna. 

HacTO Taxon Tnn inaopenpoayKmm 6e3 m htothh e ckoh Konaencamni xpomocom 
BCT penaeTca y 6ecno3BOHOHHbix >khbothbix, oSHapyacHBaeTca oh Taxace h y 
n03B0H0HHbIX aCHBOTHbIX, H y paCTCHHH. 

y oecnosBonoHiibix b pe3yabTare Saoxa MHT03a CTeneHb noaiinnoMami MO>KeT 
HOCTiiraTb orpOMHbix aiaHemm. Tax, b niranTCKiix HeiipOHax Moaniocxa tphtohhh, 
aapa KOTOpbix ^ocTHraiOT BeaHHHHbi ao 1 mm (!), coaepacHTca 6oaee 2 x 10 5 
ranaonanbix naSopoB ^HK. y ne KOTOpbix 6ecno3Bono L nibix niranTCKiie aceae3HCTbie 
h HepBHbie xaeTKH b pe3yabTaTe 18-20 h,hkhob 3 n a o p ea y n a h k a h 11 11 MoryT coaepacaTb 
2097152c ^HK. 

,Z],pyrHM npHMepOM niraiiTCKoii noannaoHanoii xaeTKH, oopaaoBaBmeiica b 
pe3yabTaTe peaynaw Ramin ^HK 6e3 BCTynaenmi khctok b mhto3, mo'/KCt cayacHTb 
xaeTKa meaKOOTaeaHTeabHOH aceae3bi TyTOBoro meaKonpaaa. Ee aapo HMeeT 
npHHyaaHByio BeTBHCTyio (})opMy h MO>KeT coaepacaTb orpOMHbie KoamiecTBa /1HK. 
T HraiiTCKne KaeTKH aceae3bi nHmeBoaa acKapnabi MoryT coaepacaTb ao 100000c 
A HK. 

OeoSbiH eaynaii 3HaopenpoayKH,HH npeacTaBaaeT co6oh yBeaHneHne naonaHOCTH 
nyTeM nojimemiH. 
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IIpH nojiHTeHHH b S-nepnoae npH penaMKauini /)HK HOBbie aowepnne xpOMOCOMBi 
npOAoaacaiOT ocTaBaTbca b a e c n h p aa h 3 o b a ii ii o m coctohiihii, ho pacnoaaraiOTca apyr 
oicoao apyra, He pacxoaaTca h He npeTepneBaiOT m h tot h h e c xy i o Konaencamno (pnc. 
41). B TaKOM IiCTHHHO HHTep (j) a3HOM BH^e XpOMOCOMBi CHOBa BCTynaiOT B 
caeayiouHiii hmkh penaiiKamni, CHOBa yaBaiiBaiOTca h He pacxoaaTca. IIocTeneHHO b 
peayabTaTe penanKaunn h nepacxo>xaeniui xpOMOCOMHbix rorreH oopasyeTca 
MHoroHHTaaTaa, noaHTeHHaH CTpyKTypa xpoMocoMbi MHTep(|)a3Horo H^pa. 
riocaeanee o6ct oht ea bctbo neoOxoamvio noaHepxHyrb, Tax xax Taxne niraiiTCKiie 
noaHTeHHbie xpoMocoMbi mixoraa He ynacTByiOT b MHT03e, 6oaee Toro - 3 to hcthhho 
HHT ep(|)a3Hbie xpoMocoMbi, y h aca By 10 m 11 e b CHHTe3e /)HK h PHK. 

Ot MHTOTHHeCKHX XpOMOCOM OHIi pe3KO OTHMHaiOTCH H nO pa3MepaM! OHIi B 
HecKoabKO pa3 to me m h tot h h e c k h x xpomocom H3-3a Toro, hto coctoht h3 nynxa 
MHoacecTBeHHbix nepaaoujeaujHxca xpoMarna - no oSbeiviy noaHTeHHbie xpoMocoMbi 
apo30(J)iiabi b 1000 pa3 Soabine m htothh e cxhx . Ohii b 70-250 pa3 aanmiee 

MHTOTHHeCKHX H3-3a TOTO, HTO B HHTep(j)a3HOM COCTOHHHII XpOMOCOMbI MeHee 
KOHaeHCHpOBaHbi (cnHpaaH30BaHbi), aeM mhtothhc CKne xpoMocoMbi (pnc. 42). 

KpOMe toto, y aByxpbiabix hx o6mee ancao b xaeTxax paBHO ranaoManoiviy H3-3a 
toto, hto npn noaHTeHH3aii,HH npoHexoaHT oObeaHiienne, Konbioramia 
roMoaoriiHHbix xpomocom. Tab, y apo30(j)iiabi b aHnaonanoH coMaTHHecxoii xaeTxe 
8 xpomocom, a b mraHTCKOH xaeTxe caiOHHOH aceae3bi - 4. 

BcTpenaiOTca raraHTCXHe noannaonanbie aapa c noaHTeHHbiMH xpOMOCOMaMH y 
n e koto p bix hhhhhok aByxpbiabix naceKOMbix b xaeTxax caiOHHbix aceae3, 
KHineHHHKa, MaabminieBbix cocyaoB, acnpOBoro Teaa h t.h. KpOMe toto, 
noaHTeHHbie xpoMocoMbi BCTpeaaiOTca b aapax ciinepriia HexoTOpbix ayxoB, b aapax 
aHTHnoA axoHHTa h nuieHHpbi. OmicaHbi noaHTeHHbie xpoMocoMbi b MaKpOHyKaeyce 
HH(J)y30pHH CTHaOHHXHH. 

Jlyarne Bcero ttot Tim siiaopenpoayKHHii loyneH y naceKOMbix. Bbiao 
noacHHTaHO, hto y apo30(})Habi b xaeTxax caiOHHbix aceae3 MO>KeT nporooimi ao 6-8 
piixaoB peaynaHKapnii, hto npHBeaeT k o6meii naonaHOCTH xaeTXH, paBHoii 1024. y 
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HeKOTOpBIX XHpOHOMHfl (HX JIHHHHXy Ha3BIBaK)T MOTBLICM) ITJlOHflHO CTB B 3THX 
KJieTKax flocraraeT 8000-32 000. B KJieTKax nojiHTeHHBie xpOMOCOMBi naHiinaiOT 
6bitb BHflHBi nocne .nocTHaceHHa noaHTeHHH b 64-128n, stoto Taxne a,npa hhhcm, 
KpOMe pa3Mepa, He omnnaiOT ca ot OKpyacaiomnx ^HnjiOHflHBix a,nep. 

OTJIHHaKDTCa nOJIHTeHHBie xpOMOCOMBi H CBOHM CTpoeroieM: OHIi CTpyKTypHO 
HeOflHOpOflHBI no aHHIie, COCTOaT II3 flHCXOB, MC'/KaHCKOBBIX ynaCTKOB II nycjlOB (pHC. 
43). Pncynox pacnojioaceHHa nncKOB CTporo xapaKTepen ana Kaacnon xpomocombi ii 
OTJ iHnaeTca ^aace y 6 jih3khx bh^ob >khbotiibix. 

^hcxh npe^CTaBJiaiOT co6oii ynacTXH ko i ine i ic n po Bai 1 1 io ro xpoMaTnna. Ecjih Ha 
o^hoh HHTep (J) a3Hoii xpOMOCOMe ynacTXH ko n /i e n c n p o b a n n o r o xpOMaTHHa Oyzjyr 
BBiraa^eTB xax rjioSyjiapHBie crycTKH (xpOMOMepni), to npn jiaTepanBHOM 
pacnoao/Kennn MHoacecTBa onnnaKOBBix HHTep(J)a3HBix xpomocom 3th OT^ejiBHBie 
ynacTKH BBiCTpoaTca b ^hcx, neacamHH nonepex xpomocombi. 

XpOMOMepHoe CTpoenne nncxoB nojiHTeHHBix xpomocom OTnemnBO npoaBJiaeTca 
npn HCKyccTBeHHOH neKonnencamin 3thx xpomocom pacTBOpaMH c hh3khm 
co^epacaHHeM flByxBaneHTHBix xaTHOHOB. IIpH stom ^hckh (ocoSemio MejiKne) 
pacna,aa[OTca Ha pan xpOMOMepOB (0.2-0, 3 mkm), ot kotopbix pannajiBiio OTxonaT 
(JiHOpHJiJiBi X(Hn, nonoSno TOMy, hto naOnionaeTca npn Taxon ace nexonnencanHM 
MHTOTHnecxHx xpomocom ii xpOMaTHHa HHTep (jia3HBix anep. 

,Z],hcxh MoryT OTannaTBca flpyr ot flpyra no mi mi me. 06mee hx hhcjio y 
nOHHTeHHBIX XpOMOCOM XHpOHOMHfl flOCTHTaeT 1,5-2, 5 TBIC. Y ,Hp030(J)HJIBI HMeeTca 
oxojio 5 tbic. ahcxob. 

^hcxh pa3fleaeHBi mox^hcxobbimh npocTpaHCTBaMH, cocToamHMH, Tax ace xax h 
.Hhcxh, H3 cj)ii6pn;ui xpOMaTHHa, tojibxo 6ojiee pBixno ynaxoBaHHBix (pnc. 306). 

Ha nojiHTeHHBix xpOMOCOMax nByxpBiJiBix nacTO bh^hbi Banyrna, nycjiBi. 
Oxa3anocB, hto nyc|)bi B03HHxaiOT Ha MecTax HexoTOpBix nncKOB 3a chct hx 
AexoH^eHcapHii h paapbixaenna. B nycjiax BBiaBJiaeTca PHK, xoropaa TaM ace h 
CHHTe3HpyeTca. CnenoBarexiBHO, nycjD aBJiaeTca mcctom TpancKpnnnnn Ha sthx 
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MiiTep(})a3nbix xpOMOCOMax, a hhckm npeacTaBJiaiOT co6oh 3KcnpeccnpoBannbie 
xpOMOCOMHbie ynacTKH. 

PncyHOK pacnoao'/KeiiHJi h HepeaoBanna ^hckob Ha nojiHTeHHbix xpOMOCOMax 
nocToaHeH h He 3aBHCHT hii ot opraHa, hii ot B03pacTa acHBOTHoro . 3to HBJiaeTca 
xopomeii HJiHKDCTpapneH on h i i bko b o ct h KanecTBa reHeranecKOH mnjDopMaijHH b 
Kaacaoii KJieTKe opraHH3Ma (pnc. 43). 

OanaKO b pacnoao'/KennH nycjDOB TaKOH oanosnaHiiocra HeT. Ilycjjbi hbjihiotch 
BpeMeHHbiMH o6pa30BaHH^MH Ha xpOMOCOMax, h b npopecce pa3BHraa opraHH3Ma 
cymecTByeT onpeaejieHHaa noejieaoBaTejibHOCTb b hx noaBJieHini h HCHe3HOBeHini 
Ha reneTnwecKH pa3JiHHHbix ynacTKax xpOMOCOMbi (pnc. 44). 3Ta 
nocjieaoBaTejibHOCTb pasanHiia ana pa3Hbix TKaHeii. Cennac aoKasano, hto 
o6pa30BaHHe ny(j)OB Ha nojiHTeHHbix xpOMOCOMax - 3to BbipaaceHHe reHHOH 
aKTHBHOCTH: b ny(])ax cmiTesupyiOTca PHK, neoSxonHMbie ana npoBeaeinia 

SejiKOBbix CHHTe30B Ha pa3Hbix 3Tanax pasBuraa HaceKOMoro. OKa3anocb, hto 
MOaCHO BbI3bIBaTb CneU,H(J)HHeCKyK) HHayKH,HK) aKTHBHOCTH ny(J)OB. Tax, Ha 
onpeaejieHHOH CTaann pas both a jthhhhkh ropMOH 3KaH30H Bbi3biBaeT aKTMBamno 
cneu,H(|)HHecKHx nycjDOB, hto npeaiuecTByeT jihhbkc. Ecjih ace stot ropMOH bbccth Ha 
apyroii CTaann pasBuraa, to b stom cjiynae a kt h b h py ctch tot ace nyc|), xoth Ha stoh 
CTaaHH OH B HOpMe He (J)yHKU,HOHHpyeT. 

B eCTeCTBeHHbIX yCJIOBHflX y aByKpblJIbIX OCOSeHHO aKTHBHbl B OTHOUieHHH 
CHHTe3a PHK asa caMbix KpynHbix nycjm, TaK Ha3biBaeMbie KOJibpa BajibSnaHH, 
KOTOpbiH onncan hx 100 JieT TOMy Ha3aa. CoBceM HeaaBHO c noMombio 
MHKpOMaHHnyjiaTOpa yaanocb BbiaejiHTb KOJibpa b aocTaTOHHOM KOJinnecTBe, hto6bi 
onpeaejiHTb ran hx PHK. 3to OKa3anacb nn(})opMaHHonnaa PHK c ruraHTCKHM moji. 
BecoM (70 Tbic. HyKJieoraaoB), Koanpyiomaa o6pa30BaHHe ceKpeTopHbix Ochkob 
cjHomibix acene3. 3Ta ace PHK 6biJia BbiaejieHa H3 nojincoM miTomasMbi. Pa3Mep 
rpaHyji PHn, Korapbie oSpasyiOTca b KOJibpax (nycj)ax) BajibOnaHH, aocraraeT 40-60 

HM. 
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^onroe BpeMfl HeacHOH ocTaBanacb npHpona mokuhckobbix ynacTxoB b 
nouHTeHHbix xpOMOCOMax. Onnaxo Obiaa BbiHBnnyTa THnoTe3a, hto b mok^hckobbix 
ynacTxax MoryT Taxace pacnojiararbca reHbi, KOTOpbie naxonaTca b 

^eKOH^eHCHpOBaHHOM COCTOaHHH, B OTJIHHHe OT reHOB B flHCKaX, r^e OHH HeaKTHBHbl. 
3to npennojioaceHHe b nocne^Hee BpeMa nojiyHHJio p an nonTBepacneHHH. Tax, b 
MOK^HCKOBbix ynacTKax ObLiH o6napyaceiibi rpaHyjibi h (J)H6pHJiJibi PHII Taxon ace 
MOp(j)OJiorHH, xax h b MeaxHx ny(J)ax. B mox^hcxobbix ynacTxax 3aperncTpHpOBaHO 
cna6oe BXJiKDHeHHe b PHK, TaM c noMombio HMMyHOXHMHnecxHx mcto^ob yuanocb 
noxajiH30BaTb PHK-nonHMepa3y h /THK-PHK xoMnnexcbi, hto yxa3biBaeT Ha ynacTHe 
MOXflHCXOBbIX 30H B CHHTC3e PHK. XapaXTep 3TOH PHK COBCeM HeXCeH, B03M05XH0, 
hto 3to PHK reHOB, paSoTa xoTOpbix b xjieTxe HeoSxoflHMa nocToaHHO, reHOB, 
xoTOpbie xoflHpyKDT 6enxH ochobhoto MeTa6ojiH3Ma xjictxh, ochkh "ana HOiYiauniero 
xo3HHCTBa". Hn(f)opMamia ace, neooxonHiviaa ana cneu,HajiH3aii,HH, 
H h c{) (})epe i m h po b k h , b TaxoM cjiynae nonacHa nocTynaTb ot nycf)OB. 

Tax xax pacnojioaceHHe hhckob Ha xpOMOCOMax 3aBHCHT tojibxo ot b mho boh 
cneu,H(j)HXH, to yuanocb c noMombio reHeTHHecxnx MeTonoB jioxajiH30BaTb pejibiii 
px,n reHOB H HaHeCTH HX Ha MOp(J)OJIOTHHeCXHX XapTaX XpOMOCOM. OTfleJlbHblH flHCX 
MoaceT 6biTb b m e cth ji hih, e m oflHoro hjih HecxojibXHx reHOB. Onnaxo pejibiii pan 
npH3HaxoB ynanocb jioxajiH30BaTb b oripeaeaemibix ynacTxax xpomocom. 

Kax yace yxa3biBajiocb, niraiiTCKiie xpOMOCOMbi BCTpeHaiOTca b HexoTOpbix 
xjieTxax 3apoflbimeBbix TxaHeii pacTeHHH. Taxne niranTCKne xpOMOCOMbi SbiJiH 
onHcaHbi, HanpHMep, y (J)acojiH h aHMeHa. 3to TOJiCTbie xopOTxne xpOMOCOMbi, bo 
mhoto flecaTxoB pa3 npeBoexoflaniHe no oSbeMy MHTOTHHecxHe xpOMOCOMbi. B 
aHTHnoflHajibHbix xaeTxax aHMeHa b orpOMHbix anpax bhhhbi 7 (rannoHnnoe hhcjio) 
xpomocom, xoTOpbie npeTepnejiH ho 20 h,hxjiob penjiHxau,HH. Onnaxo o6uiaa hx 
opraHH3au,na pe3xo OTJiHHHa ot TaxoBOH y HByxpbiJibix HacexoMbix. Bo-nepBbix, b 
HaHHOM cjiynae HeT pa3nejieHHa Tejia xpOMOCOMbi Ha hhcxh h MeacnncxoBbie 
ynacTXH, BO-BTOpbix, HeT ny(J)OB. Bee PHn-nponyxTbi paBHOMepHO pacnojioaceHbi 
BHOJIb XpOMaTHHOBbIX yHaCTXOB. XpOMaTHH ace 3THX THTaHTCXHX XpOMOCOM oSjianaeT 
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thiihhhoh xpOMOHeMHOH opraHH3au,HeH, xapaicrepHOH ana iniTepijiaaiibix aaep stoto 
oSbexra (pHC. 45 ). 

HTax, mm pa3o6paaH ^Ba cjiynaa, ^Ba cnocoSa o6pa30BaHHH nojiHnjiOHflHbix 
KJieTOK, B03HHKaK)mnx npH 6jioica,ne BCTynneHHa hx b m h tothh e c ko e /jeaemie. 

B apyrnx cjiynanx simopenpoHyKHUM nonHnnoH^Hbie kjictkh B03HHKai0T b 
pe3ynbTaTe HapymeHim annapaTa aeaeiiHa - BepeTeHa: npH stom nponcxoanT 
MHTOTHHeCKafl KOH^eHCail,HB XpOMOCOM. TaKOe BBJieHHe HOCHT Ha3BaHHe 3H^0MHT03, 
noTOMy hto Kon/iencauHH xpomocom h hx n3Me nenna npoHCxoaaT BHyTpH pa, 6e3 
HCHe3HOBeHHH H^epHOH 06OJIOHKH (pHC. 46 ). 

BnepBbie BBjieHHe 3H^0MHT03a 6bijio xoporno H3y L ieno b KJieTKax p 33 jihhhbix 
TKaHeM Bona no ro KJiona - reppim. B nanane 3iiaoMHT03a xpOMOCOMbi 
KOH^eHCHpyKDTCB, Snaronapa nexiy CTanoBaTca xoporno pa3JiHHHMbi BHyTpH anpa, 
3aTeM xpOMaTHflbi o6oco6naiOTca, b bitb m BaiOT ch . 3th ctb^hh no cocToamno 
xpomocom MoryT cooTBeTCTBOBaTb npo(J)a3e h MeTacj)a3e oSbimioro mhto33. 3aTeM 
xpOMOCOMbi B T3KHX BflpaX HCHCTaiOT, H BflpO npHHHMaeT BHfl oSblHHOTO 
HHTep(|)a3Horo anpa, ho pa3Mep ero yBejiHHHBaeTca b cootbctctbiih c yBejiKHemieM 
njiOH^HOCTH. Ilocjie onepe^HOH penynjiHKaiiHH /THK Taxon h,hxji 3H^0MHT03a 
noBTOpaeTCB. B pe3yjibTaTe MoryT B03HHKHyrb noannaoHanbie (32n) h naace 
riiraHTCKHe an pa. 

Cxo/jHbiH Tim 3H^0MHT03a omicaH npii pa3BHTHH MaKpOHyKJieycoB y HeKOTOpbix 
HH(jiy30pHH, y pejioro pana pacTemm. Tax, b xneTxax KnySneii KapTOcjiena 
xpOMOCOMbi npaKTHHeCKH BCe BpeMB HaXOflBTCB B CnHpaJIH30BaHH0M COCTOBHIIH, 
BpeMB coSctbchho HHTep(Jia3bi 3^ecb 3HaHHTejibHO yxoponeHO. 

CjieAyKHmiii BapnaiiT noaBjieHHa nojmnjiOHflHbix kjictok CBHian c OTcyTCTBiieM 
BepeTeHa Ha CTa^HH MeTa(f)a3bi: npii stom npoiicxoaHT cjimmue HByx xpOMOCOMHbix 
HaSopOB, K3K b cjiynae npiiMeneniiB Konxiimma. 

Hhoh npouecc noaBJiemia nojmnjiOHflHbix c o m slt h h e cxhx KJieTOX b pe3yjibTaTe 
oaoKaabi ^ejieHHB xjieTOHHoro Tena nonpoono inyaen Ha xneTxax MJiexomrraiomHx. 
Bbijio oSHapyaceHO, hto b neneHH B3pocnbix, h ocoSeHHO CTapeiomux, Kpbic h 
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MLimefi BCTpenaiOTCH KpOMe annaoHanbix TeTpa- h OKTonaoHaHbie KaeTKH, a Taicace 
aByaaepHbie KaeTKH pa3Hoii CTeneHii naoHaHOCTH. OKa3aaocb, hto b 3tom cayaae 
npopecc noaHnaoHflH3an,HH KaeTOK MoacHO onucaTb caeayiomHM o6pa30M (pnc. 47). 
Ilocae S-nepnoaa KaeTKH, oSaaaaiomne 4c ko a h h e ct b o m ^HK, BcaynaiOT b 
MHTOTHaecKoe acaemie, npoxoaaT Bee ero caaaHH, BKaioaaa Teaocj)a3y, ho He 
npHCTynaKDT k u,htotomhh. TaKHM o6pa30M, oopasyeTca aByaaepnaa KaeTKa (2 x 2n). 
OHa MoaceT CHOBa npoiiTH S-nepnoa, b pe3yabTaTe aero o6a aapa b TaKoii KaeTKe 
CTaHyT coaepacaTB no 4c ^HK h 4n xpomocom. Taxaa aByaaepnaa KaeTKa BxoanT b 
mhto3, Ha CTaann MeTacf)a3bi nponcxoaHT oSbeaHiieniie xpomocomhbix naSopoB 
(o6mee ancao xpomocom paBHO 8n), a 3aTeM HOpMaabHoe aeaemie, b pe3yabTaTe 
KOTOporo o6pa3yiOTca aBe TeTpanaoHaHBie KaeTKH. npopecc nonepeMeHHoro 
noaBaeHHa aByaaepHbix h oaHoaaepHBix KaeTOK MoaceT npHBecTH k noaBaeHHK) aaep 
c 8n, 16n h aaace 32n KoanaecTBOM xpomocom. TaKHM cnocoSoM o6pa3yiOTca 
noannaoHanbie KaeTKH b neaeHH, b snirreaHH MoaeBoro ny3bipa, b mimeHTHOM 
3nHTeaHH ceTaaTKH, b aminapiibix OTaeaax cnionnon h noaaceayaoaHOH aceae3, Ha 
paHHHx CTaanax o6pa30BaHHa MeraKapnomiTOB h ap. 

B ueaoM paae cayaaeB npoueccbi 3HaopenpoayKU,HH ncnoab3yK)Tca opraHH3MOM 
KaK aaa nocTpoeHHa TKaHeii, TaK h aaa hx (J)yHKu,HOHHpOBaHHa. B aeM ace 
SHoaorHaecKHH cmbich 3toto aBaeHHa? HeoSxoanMO otmcthtb, hto coMaraaecKaa 
noaHnaoHaH3aH,Ha BCTpeaaeTca Ha TepMHHaabHbix yaacTKax nyTH pa3BiiTna KaeTOK, 
TKaHeii h opraHH3MOB, OHa Soabmen aacTbio xapaKTepHa aaa cneu,HaaH3HpoBaHHbix, 
aH(|)(|)epeHH,HpOBaHHbix KaeTOK h He BCTpeaaeTca npn reHepaTHBHbix npopeccax, 
TaKHx, KaK 3M6pHoreHe3 (ncKaioaaa npOBiBOpHbie opraHbi) h o6pa30BaiiHe noaoBbix 
KaeTOK, HeT noaHnaonaHH cpean CTBoaoBbix KaeTOK. ^eiiCTBHTeabHO, niraHTCKiie 
noaHnaoHaHbie KaeTKH b aeaemie He BCTynaiOT; KaeTKH c noaHTeHHbiMii 
xpOMO combmh Taicace He aeaaTca h b npopecce MeTaM0p(j)03a HaceKOMbix 
aH3HpyiOTca. MHoroaaepHbie h noaHnaoHaHbie KaeTKH y MaeKonKTaiomux 
BCTpeaaiOTca raaBHbiM o6pa30M y CTapeiomHx opraHH3MOB. 
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rio-BH^HMOMy, raaBHWM pe3ynBTaTOM c o m aT h h e c ko h nojninjiOHpHH aBJiaeTca 
yBenHHemie pa3Mepa xjictox h tcm caMBiM yBeaMHenne hx npopyxTHBHOCTH. 
IIpocTpaHCTBeHHoe pacnojio^ceHHe xpoMocoM b HHTept|)a3HOM nape 
npeacTaBjiemie o tom, hto MHTOTHnecxHe xpOMOCOMBi nocne peaenna xneTOx 
npeBpaipaiOTca b xpOMaraH iiHTep(J)a3Horo appa, He TepaiOT CBoefi penocTHOCTH (He 
pacnapaiOTca Ha (JipameHTbi), a coxpanaiOT cbokd (J)H3H L iecKyio HHpHBHpyajibHOCTb, 
nepexopa jihhib b paapbixaeimoe, pexonpencupoBannoe cocToaHHe, 6bijio BBiCKa3aHO 
T. BoBepn eme b 1887 r. 3th npepcTaBjieHHa nojiyHHJiH Ha3BaHHe TeopHH 
HenpepbiBHOCTH xpomocom, KOTOpaa raacHT: xpOMOCOMBi, BomepuiHe b cocTaB 
ponepHero appa b Teno(J)a3e, coxpaHaKnca b HeM xoTa 6bi h b oneHb H3MeHeHHOM 
BHpe b KanecTBe HHpHBHpyaabHbix CTpyxTyp h noaBjiaiOTca CHOBa b coSctbchhom 
CMbiene cnoBa b cnepyioipeH npoc|)a3e. 

Ochoboh pna 3toto BbiBO,na nocnyacHno HaSinopeHHe E. BoBepn 3a noBepemieM 
xpomocom b ppoSanpixca aiipax opuoro H3 bhpob acxapHpbi (A scar is megalocephala 
univaiens), b xneTxe xoTOpoil Bcero pbc xpOMOCOMBi. Ebijio o6napy>xeno, hto b 
npo(J)a3e nepBbix pByx peneHHH 3htotbi xpOMOCOMBi bhobb oSHapyacHBaiOTca b 
MecTax 6bibhihx Tenoc|)a3Hbix xpomocom npepbipyipero peaeHHa, noBTOpaa hx 
t|)opiviy h ji o Kaa h 3a h h i o (pnc. 48). Konenno 3th naSmopeiiHa He MoryT cayacHTb 
npaMbiM poKa3aTeabCTBOM stoh TeopHH, ho aBJiaiOTca ochoboh pna BbiCKa3biBaHHa 
npepnojioaceHHa o cypb6e xpomocom b khctohiiom hh khc. OpnaKO, KpOMe stoto 
naSjiioaeiHHi cyipecTByeT penaa cepna KOCBeHHbix painibix, roBOpaipHx b nonb3y 
TeopHH HenpepbiBHOCTH XpOMOCOM. BoT HeKOTOpbie H3 HHX. 

Ebijio nanpeno, hto b HHTep(jia3Hbix appax penoro papa oBbcktob ypaeTca 
perncTpHpOBaTb OTpenbHbie cnepiicJiMHecKne ynacTKH, aHajioriiHHbie no cbohm 
CBOHCTBaM Tea o Me pa m h penrpOMepaM MHTOTHnecKHx xpomocom. Tax, HanpHMep, y 
n e koto p bix jiyxoB Bee xpOMOCOMBi HMeiOT nocToaHHO KOiipencupoBamibie ynacTKH 
Ha TenoMepax (pnc. 49). 3th TeaoMepbi MHTOTHHecKnx xpomocom oSnapaiOT 
cbohctbom OKpaiHHBaTbca xax C-cerMeHT. B HHTep(Jia3Hbix appax sthx bhpob Taxace 
oSHapyacHBaiOTca C-nononcHTejibHbie 30hbi, b xojiHHecTBe BpBoe MeHbineM, HeM 
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hhcjio rLienen m htothh e cxhx xpomocom, BepoaTHO, 3a chct Toro, hto b HHTep(j}a3e 
3th TeaoMepHBie ynacTKH coceanHx xpomocom MoryT accopiiHpOBaTb apyr c apyroM. 
HHTepecHO, hto b HHTep(j)a3HOM aape 3th ynacTXH pacnonaraiOTca Ha oanoM H3 
noaiocoB, Kax 6bi noBTOpaa TeaoMepnyio opiieiiTamno xpomocom b mutobc. 

rioaoSnbiM ace o6pa30M MoacHO naSaioaaTb b HHTepcj)a3Hbix aapax ueiiTpoMepiibie 
ynacTKH xpomocom. Tax y mbihih ueiiTpoMepbi Bcex axpou,empHHecxHx xpomocom 
HHTeHCHBHO oxpaniHBaiOTca no MeToanxe BbiaBaeHHa C-cemeHTOB (pnc. 50). TaxHM 
ace cbohctbom oSaaaaiOT CBa3aHHbie c nepncfiepHeH aa pa naoTHbie ynacTXH 
miTepcjiaanoro xpoMaTHiia - xpoMOueiiTpbi. IIoKa3aHO, hto sth ynacTKH no CBoeii 
MonexyaapHOH xomho3hh,hh aHanorHHHbi ueiiTpoMepiibiM ynacTKaM m h tot h h e c k h x 
X pOMOCOM. 

HaxoHep, b iniTepcfiaaiibix KJieTicax MoacHO naOaioaaTb penbie OTaejibHbie 
xpOMOCOMbi; HanpHMep, oany H3 X-xpomocom caMOK m ji e xo n h t a io hi h x . IIpaBaa, 
Taxne pejiHXOM KonaencHpoBamibie xpOMOCOMbi (Tejibpa Bappa) He oSnaaaiOT oSuien 
MOpcjDOHOTHeH MHTOTHHeCKHX XpOMOCOM, HO nO oSbCMy H XOJIHHeCTBy /)HK 
nojiHOCTbio eooTBeTCTByKDT X-xpOMOCOMe b MHT03e. Y nameHHOH noaeBKH 
( Microtus agrestis) X nonoBbie xpOMOCOMbi oSnaaaiOT cnocoonocTbio hchukom 
HHT eHCHBHO oxpaimiBaTbca no C-MeTOHHKe. B HHTep(J)a3Hbix aapax pa3JiHHHbix 
KJieTOK 3TOTO aCHBOTHOTO MOaCHO C ROMOUIblO 3TOH ace OKpaCKH BHHCTb gBSL SoJIbHIHX 
Snoxa HHTeHCHBHO OKpameHHoro xpOMaTHHa b xneTxax caMOK. 

KaxoBO ace npocTpaHCTBeHHoe pacnonoaceinie OTaejibHbix ae xo nae nc h po Ban n bi x 
HHTep(|)a3Hbix xpomocom b TpexMepHOM oObexie xneTOHHoro anpa? CyoiecTByeT jih 
xaxoH-HH6o nopaaox b pa3MemeHHH xpomocom b HHTep(j)a3HOM aape hjih ace ohh 
xaoTHHe cxh pa36pocaHbi BHyrpn anpa? IlepBbie HCCJieaoBaHHa o nopaaxe 
pacnoaoaceHHa xpomocom BHyTpn anpa npiiHaaneacar K. Pa6aio (1885), xoTOpbiii 
H3ynaa npoc})a3Hbie aapa pacTeHHH, npeanonoacHJi, hto BHyTpn aa pa xpOMOCOMbi 
noBTOpaiOT cbok) aHa(})a3HyK) opneHTapmo (pempoMepbi - Ha oaHOM nojnoce, 
TenoMepbi Ha apyroM) b Te L ienne Bcero xneTOHHoro puxaa. 
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B nonb3y 3Toro roBOpHT pacnoaoaceHHe b HHTep(J)a3HOM nape pempoMepHbix h 
TenoMepHBix ynacTKOB aeKOHaeHCHpoBamibix xpomocom. Ho ocoSemio 
^eMOHCTpaTHBHO 3to noaoaceHHe 6bijio noica3aHO npH H3yneHHH npocTpaHCTBeHHoii 
JIOKaJIH3aD,IIH nOJIHTeHHBIX XpOMOCOM. C nOMOUIBK) nOCJIOHHBIX OnTimeCKHX 
pa3pe30B, Hcnojib3ya KOMnBiOTepHyK) TexHHKy BoenpoHSBeaenHH H3o6pa>KenHa, 
yaaaocb co3aaTb oSbCMiiyio CTepeocKommecKyio peKoncTpyKumo iniTepcfiaBiioro 
a^pa h npocjieflHTB b ero TpexMepHOM npocTpaHCTBe Kaacayio H3 neTbipex 
niraHTCKHx nonHTeHHbix xpomocom (pHC. 51 ). BbiJio o6napy>Keno, hto 
AeiiCTBHTejibHO b oSbeMe aaep xpOMOCOMbi pacnoaaraiOTca noBTopaa aHa- 
Teno(J)a3HyK) opneHTapHio (t.h. opHeHTapnio no Pa6aio). npn stom Kaacaoe naeao 
xpOMOCOMbi 3aHHMaeT onpeaeaennyio 30Hy, o6beM KOTOpon He saxoanT b o6beM 
coceaniix xpomocom, xoth ohh pacnoaoaceHbi TecHO apyr c apyroM. Kaacaaa H3 
xpomocom o6pa3yeT nonoryio npaByio cmipaab ( 5-7 bhtkob), KOTOpaa b HecKOJibKnx 
MecTax CBa3aHa c a^epHon oSojiohkoh, Kaic 6bi (juiKcnpyacb Ha Heir (PiiKCHpOBaHbi 
Ha aaepnon oSoaoaKe h TeaoMepHbie ynacTKii Bcex xpomocom, KOTOpbie 
pacnoaaraiOTca Ha o^hom H3 nomocoB HHTep(jia3Horo aapa. Ha npOTHBonoaoacHOM 
nonioce aapa TaKace b CBa3ii c aaepHoil oSojiohkoh pacnoaaraiOTca peHTpOMepHbie 
paiiOHbi xpomocom, nacTO oSbeaHiiemibie b ohhii xpOMopemp - KpynHbiii 6jiok 
HHTep(|)a3Horo xpOMaTHHa. 

npaMbie naSaioaenna 3a aoKaaroapHeil b nape HHTep(J)a3Hbix xpomocom 6bijih 
caeaanbi Hcnoab3ya MeToa FISH ( ( |) a y o p e c h e n t n a a in situ niopManiamiH 
nyKaeiniOBbix khchot) b coHeTamm c KOHcjiOKaabHOH MHKpocKomieH. Bnaaaae obihm 
Bbiaeaeiibi HnaiiBHayaabiibie M m t o t m h e c k m e xpOMOCOMbi, H3 hhx 6bian noayaeHbi 
/THK, KOTOpbie MeTHHHCb pa3HbiMH (}) a y o p o x p o m a m h . TaKHe Meaenbie xpOMOCOMHbie 
X1HK HaHO enaHCb Ha npenapaTbi HHTep(J)a3Hbix aaep, ,HHK KOTOpbix 6biaa 
npeaBapiiTeabiio aenaTypiipoBana. B pe3yabTaTe MoaeicyaapHOH niopMaHiamni 
(fiayopecmipyiomaa /THK peHaTypHpOBaaa ToabKO co cxoanoM xpOMOCOMOii. C 
noMombio KOH(|)OKaabHoro MHKpocKona npocMaTpHBaaacb (jiayopeciieHTHaa MeTKa b 
TpexMepHOM npocTpaHCTBe HHTep(|)a3Horo aapa. Bbiao oSnapyaceno, hto 
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HHTep(j}a3Hoe aapo coctoht H3 TecHO pacnoao'/Kemibix xpoMOCOMiibix TeppHTOpHH, 
o6beM KOTOpbix 3HanHTejibHO npeBoexoaHJi o6beM m m t o t m h e ck m x xpomocom. 
HeKOTOpbie ocoSemio KpynHbie xpomocomm aeiiCTBHTejibHO npoaBjnuiH aHa- 
Teao(J)a3HyK) opueHTapiiK). 

CyMMHpya o6miie npeacTaBaenun o (J)opMax oprammiiiiH xpomocom mo'/Kiio 
npHHTH K 3aKj3IOHeiIHIO, HTO OHH MOryT HaXOAHTbCa B asyx anbTepHaTHBHbIX 
COCTOJUIHHX, B flByX M O p (|) OHOTH WeCKMX Bbipa'/Kennax: 1 - MBKCHMaJIbHO 

KOHaeHCHpoBaHHoe, KOMnaKTHoe, MeTaSojiHHecKii HeaKTHBHoe, TpaHcnopTHoe 
cocToamie, npeanaanaHennoe aaa Toro, l ito6bi b MHHHMajibHOM oSbexie 6e3 
CTpyKTypHbix HapymeHHH nepenecTH bo Bpexia KaeTomioro aeneinui orpOMHbie no 
anHHe MOJieKyjibi J],HK; 2 - aeKOHaencTipoBannoe, npn kotopom jiHHeifflaa narnia 
pa3BepHyTbix xpomocom yBejiHHHBaeTca b aecaTKH, a mioraa n b cothh pa3, 
MeTaSonnnecKH aKTHBHoe cocToanne, CBHiannoe c cnHTe30M /)HK n PHK 
(nHTep(|)a3a). 

OTJlHHHTeJlbHOH OCOSeiHIOCTblO HHTep (J) a3HOH XpOMO COMBI OT M H T O T H H 6 CKO H , 
KpOMe Bcero, aBJiaeTca to, hto no CBoen anmie OHa mojkct 6biTb aeKOHaeHCHpOBaHa, 
pa3BepHyra HepaBHOMepHO - ecTb ynacTKH nojiHon aeKOH^eHcapnn n ecTb ynacTKH, 
iiaxonHuniecfl b hjiothom, a e k o n a e n cm p o b a m i o m ii, cooTBeTCTBeHHO, b HeaKTHBHOM 
cocToaHnn. 3to h npnaaeT HHTep (J)a3HOMy aapy CBoeo6pa3Hyio CTpyicrypy, rae 
XpOMO COMbI - XpOMaTHH - MOTyT 6bITb npeaCTaBJieHbl TO nJlOTHbIMH SjlOKaMH, TO 

ynacTKaMH pbixnoro, aeKOHaeHcnpoBaHHoro xpOMaTHHa (pnc. 52). 

IjiaBa 5. CTpyKTvpa h xhmhh xpoMaTHHa 

XpOMaTHH - OCHOBHOH KOMnOHCHT KJieTOHHOTO aapa - aOCTaTOHHO JieTKO 
nojiynHTb H3 BbiaejieHHbix HHTepc|)a3Hbix aaep h H3 BbiaejieHHbix m h tot h l i e ck h x 
xpomocom. ^Jia 3 toto Hcnojib3yiOT ero cbohctbo nepexoaHTb b pacTBOpeHHoe 
COCTOaHHe npH 3KCTpaKH,HH BOaHbIMH paCTBOpaMH C HH3KOH HOHHOH CHJIOH HJTH 
npocTO aen0HH30BaHH0H Boaon. IIpH 3 tom ynacTKH xpoMaTHHa HaSyxaiOT h 
nepexoa^T b rejib. MtoGbi tokoc npenapaTbi nepeBecTH b nacToamne pacTBOpbi, 
HeoSxoaHMbi CHJibHbie MexamraecKHe B03aencTBHa: BCTpaxHBanne, nepeMeimiBaHHe, 
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flonojiHHTejibHafl roMoreiiHsaunH. 3to, Konewno, npuBoaHT k wacTHmiOMy 
pa3pymeHHio iicxo^hoh CTpyKrypbi xpOManma, /ipoSuT ero Ha MejiKHe (fiparivienTbi, 
ho npaKTHnecKH He MeHaeT ero xHMHnecKoro cocTaBa. 

OpaKu,HH xpOMaTHHa, noayHemibie H3 pa3Hbix oObeKTOB, oSaaaaiOT aoBoabiio 
oanooSpasiibiM naSopoM KOMnoHeHTOB. Bbijio naimeno, hto cyMMapHbin 
XHMHHeCKHH COCTaB XpOMaTHHa H3 HHTep(jia3HbIX a^ep H MHTOTHHeCKHX XpOMOCOM 
Mano OTHHHaiOTCH apyr ot apyra. DiaBHbiMH KOMnoHeHTaMH xpOMaTHHa aBJiaiOTca 
/THK H SeJIKH, epeflH KOTOpbIX OCHOBHyK) Maccy COCTaBJiaiOT niCTOHbl H 
HerncTOHOBbie SejiKH (cm Ta6ji. 3). 

Ta6jwma 3. XHMHHeCKHH cocTaB xpOMaTHHa. Co^epacaHHe SejiKOB h PHK ^aHO no 
OTHOUieHHK) K /THK 


Hctohhhk 

XpOMaTHHa 

AHK 

rHCTOHbl 

HerncTOHOB 
bie SejiKH 

PHK 

CTeSeab 

3apoflbima ropoxa 

1,0 

1,03 

0,29 

0,26 

neneHb Kpbicbi 

1,0 

1,16 

0,67 

0,043 

KneTKH He la 

(onyxoab 

nenoBeKa) 

1,0 

1,02 

0,71 

0,09 

TnMyc Teaemca 

1,0 

1,14 

0,33 

0,007 

3pHTpOU,HTbI 

KypHU,bI 

1,0 

1,08 

0,54 

0,02 


B cpeaneM b xpOMaraHe okojio 40% npHxoflHTca Ha /THK h okojio 60 % Ha Semen, 
cpe,o,H KOTOpbix cnepHcjiHHecKHe a^epHbie 6ejiKH-mcTOHbi, COCTaBJiaiOT ot 40 ^o 
80% ot Bcex SejiKOB, bxohhlhhx b cocTaB Bbiaeaennoro xpOMaTHHa. KpOMe Toro b 
COCTaB XpOMaTHHOBOH (J)paKHHIlH BXOflaT MCMOpanilbie KOMnOHeHTbl, PHK, 
yraeBOflbi, HHnn^bi, TJiHKonpoTeHflbi. Bonpoc o tom, HacKOJibKO tth MHHOpHbie 
KOMnOHeHTbl Bxo^aT b CTpyKTypy xpOMaTHHa eme He pemeH. TaK, HanpHMep, PHK 
MoaceT npeflCTaBJiaTb co6oh t p a n ck p h 6 h p y e m y i o PHK, KOTopaa eme He noTepana 
CBa3b c MaTpHpen /THK. /Tpyrne ace MHHOpHbie KOMnOHeHTbl MoryT npe.TCTaB.THTb 
co6oh BemecTBa coocaacneHHbix (jiparMeHTOB anepHOH oSojiohkh. 
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B CTpyKTypHOM OTHomeHHH xpOMaTHH npeflCTaBJiaeT co6oh iiHTwaTbie 
KOMnneKCHbie MOJiexyjibi ne 30 kc h p h 6o H yxjieo n poTe naa (/THTT), xoropbie coctobt H3 
7IHK, accopHHpoBaHHoii c rHCTOHaMH (cm. pHC. 57). IIo3TOMy yKOpeHHJiocb flpyroe 
Ha3BaHHe xpOMaraHa - HyKJieomcTOH. Hmchho 3a cneT accopiiapiiH thctohob c 
/)HK o6pa3yiOTCM oneHb jiaSmiBHBie, H3MeHHHBBie HyxjieHHOBO-rHCTOHOBBie 
KOMnneKCBi, r^e OTHomeHHa /(HK : thctoh paBHO npHMepHO eflHHHpe, T.e. ohh 
npHCyTCTByiOT B paBHBIX BeCOBBIX KOJIHHeCTBaX. 3 th HHTHaTBie (j)H6pHJIJIbI /(HTT H 
eCTB 3JieMeHTapHBie XpOMOCOMHBie HJ1H XpOMBTHHOBbie HHTH, TOJIH],HHa KOTOpbIX B 
3aBHCHMOCTH ot CTeneHH ynaxoBKH ^(HK MoaceT xoaeSaTbca ot 10 #o 30 hm. 3th 
(J mSpHUJibi /IHFl MoryT b cbokd onepeab aonoauHTeabiio ko m n a xth3 o b bt b ch c 
o6pa30BaHHeM 6ojiee bbicoxhx ypoBHeil CTpyKTypH3au,HH /^HTT, BnjiOTb no 
MHTOTHHeCKOH XpOMOCOMbl. POJIB HCKOTOpblX HCTHCTOHOBblX SeJIKOB 3aXJIK)HaeTCH 
HMCHHO B 06pa30BaHHH BbICOKHX ypOBHCH KOMnaKTH3aU,HH XpOMBTHHa. 

31 IK xpoMaTHHa 

B npenapaTe xpoMaTHHa Ha norno 3HK npnxoHHTca oSbihho 30-40%. 3Ta 3HK 
npeacTaBaaeT co6oh HByxnenoHennyio cmipaabiiyio MOJiexyny nonoOno hhctoh 
BbiaeaennoH 3HK b bo^hbix pacTBOpax. 06 stom TOBOpnT mho rue 
3KcnepHMeHTajibHbie naHHbie. Tax, npn HarpeBaHHH pacTBOpOB xpoMaTHHa 
HaSmonaeTca noBbimeHHe onTHHecxoii hjiothocth pacTBOpa, Tax Ha3biBaeMbiH 
runepxpOMHbiH 3(})(J)exT, CBnaamibiH c pa3pbiBOM Me>xHyxjieoTHflHbix Bonoponnbix 
CBH3eil Me>xay nenaMM 3HK, nonoOno TOMy, hto nponcxo^HT npn HarpeBaHHH 
(njraBJieHHH) hhctoh 3HK. 

Bonpoc o pa3Mepe, ^nHHe MOJiexyn 3HK b cocTaBe xpoMaTHHa HMeeT BaacHoe 
3naHenne no iih Manna CTpyxTypbi xpOMOCOMbi b nenoM. npn CTannapTiibix 

MCToaax Bbiaenenna 3HK xpoMaTHHa oOnanaeT MOJiexyjiapHOH Maccofi 7-9 x 1 0 6 , 
hto 3HaHHTejibHO MeHbHie MonexyjiapHOH Maccbi 3HK H3 xhihchhoh nanoHXH (2,8 x 
10 9 ). Taxyio cpaBHHTejibHO Majiyio MOJiexyjiapHyio Maccy 3HK H3 npenapaTOB 
xpoMaTHHa mo5xho oSbhchhtb MexaHHHe cxhmh noBpeacneHHHMH 3HK b npopecce 
Bbiaenenna xpoMaTHHa. Ecjih ace BbinenaTb 3HK b ycnoBHax, ncKmoHaiouinx 
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BCTpflXHBaHHe, roMoremmiimo h apyrne B03aeiiCTBHa, to yaaeTca H3 xaeTOx 
nojiyHHTB MOJieKyjiBi ^HK oneiib Sohbhioh ^jikhm. Manila Moaexya ^HK H3 aaep h 
X pOMOCOM 3yKapHOTHHeCKHX KHCTOK MO/KCT 6bITb MiyHeiia C nOMOmbK) MCTOaa 
CBeTOonTHaecKoii pa^HoaBTorpa(J)HH, noaoSHO TOMy xax sto royHaaocb Ha 
npoKapHOTHaecKHx KaeTKax. 

Ebiao oSnapyaceno, hto b cocTaBe xpomocom na mia HnaHBHayaabiibix aHHeiiHbix ( 
b OTaHHHe ot npoKapHOTHaecKHx xpomocom) Moaexya ^HK MoaceT aocTiiraTb cotcii 
MHKpOMeTpOB H aa'/KC HCCKOabKHX CaHTHMeTpOB. Tax, y pa3HbIX oSbCKTOB 6biaH 
noayaeHbi MoaeKyabi /|HK ot 0,5 mm ao 2 cm. 3th pe3yabTaTbi noxa3aan, hto ecTb 
6aH3Koe coBnaaeHHe Meacay pacneTHOH a-finHOH JJHK Ha xpOMOCOMy h 
paaHoaBTorpacj)HHecKHM HaSaioaeHHeM. 

Ilocae Marxoro aH3Hca khctok syxapHOT MoacHO npaMO onpeaeaaTb 
MoaexyaapHbie Maccbi ^HK (|)h 3hko -xhmhhc c khmh MeToaaMH. Ebiao noxasaHO, hto 
MaxcHMaabHaa MoaexyaapHaa Macca Moaexyabi ^HK ap030(|)Habi paBHa 41 x 1 0 9 , 
hto cooTBeTCTByeT na one oxoao 2 cm. Y HexoTOpbix apoacaceii Ha xpOMOCOMy 
npnxoaHTca Moaexyaa ^HK c MoaexyaapHoii Maccoii 1 x 1 0 8 - 1 0 9 , xoTOpaa HMeeT 
pa3Mepbi oxoao 0,5 mm. 

TaxHe aaHinibie /THK npeacTaBaaiOT co6oh oaHy Moaexyay, a He Hecxoabxo 6oaee 
XOpOTXHX, CHIHTbIX TyCbXOM C nOMOIHbK) OCHKOBBIX CBa30X, xax CHHTaaH HeXOTOpbie 
HecaeaoBaTeaH. K 3TOMy 3axaK)HeHHio npHinan nocae toto, xax oxa3aaocb, hto 
aaHHa Moaexya ^HK He H3MeHaeTca nocae o6pa6oTXH npenapaTOB 
npoTeoaHTHHecxHMH (jiepMeHTaMH. 

06mee kohuhcctbo ^HK, Bxoaamee b aaepHbie CTpyxTypbi xaeTOx, b reHOM 
opraHH3MOB, xoaeSaeTca ot BHaa x BHay, xoth y MHxpoopraHH3MOB xoannecTBO ^HK 
Ha xneTxy 3HanHTeabHO HHace, neM y 6ecno3BOHOHHbix, bbichihx pacTeHHH h 
acHBOTHbix. Tax, y Mbirnn Ha aapo npnxoaHTca noHTH b 600 pa3 Soabrne AHK, neM y 
xHineHHOH naaoHXH. CpaBHHBa a xoannecTBO ^HK Ha xaeTxy y syxapHOTHHecxnx 
opraHH3MOB, TpyaHO yaoBHTb xaxHe-anSo xoppeaau,HH Meacay CTeneHbio caoacHOCTH 
opraHH3Ma h xoa h h e c t b o m ^HK Ha aapo. npHMepHO oaHHaxoBoe xoannecTBO ^HK 
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HMeiOT TaKHe pa3JiHHHBie opraHH3MBi KaK neH, MOpCKOH e>x, OKyHB (1,4- 1,9 nr) hjih 
pBi6a rojien, n 6bik (6,4 n 7 nr). 

3HawrejiBHBi Koneoaima KOJinnecTBa /(HK b Sojibhihx t a kc o ii o m h h e c k h x 
rpynnax. Cpe^n bbicuihx pacTeHnn KOJinnecTBO /)HK y pa3HBix bh^ob MO>KeT 
onranaTBCM b cothh pa3, Tax ace, xax n cpenn pBi6, b necaTKii pa3 OTJiHnaeTca 
KOJinnecTBO /(HK y aM^nSnii. 

y n e koto p bix aM(j3n6nH b flflpax KOJinnecTBO 7IHK oonruie, hcm b anpax nenoBexa 
b 10-30 pa3, xoTa reHeTnnecxaa xoHCTHTyu,na nenoBexa HecpaBHeHHO cnoacHee, neM 
y Jiarymex. Cne^OBaTejiBHO, mo>xho npe^nojiaraTB, hto «M36BiTO L iiioe» xonnnecTBO 
^HK y 6onee hh3xo opraHH30BaHHBix opraHH3MOB jih6o He CBinaHO c BBinojiHeHneM 
reHeTnnecxon ponn, jih6o hhcjio reHOB noBTOpaeTca to hjih HHoe hhcjio pa3. 


107 



Ta6jiHua 4. Conep>Kaniie /(HK b KJieTKax HeKOTOpbix oObeKTOB (nr, 10' 12 r) 


OSbeKT 

KonnnecTBO ,Z],HK b nr 

BaKTepnocJiarii 

KojinnecTBO 7IHK Ha nacmpy 

T1 

0,000007 

T4 

0,000027 

EaKTepnn 

KOJinnecTBO ,Z],HK Ha KJieTKy 

KiimenHaa najiOHKa 

0,009 

rpn6bi 

KOJinnecTBO /(HK Ha raruiOMnnyio 

npO'/K/KM 

KJieTKy 

Henpocnopa 

0,027 

Bbicmne pacTemni 

0,017 

neH 

KOJinnecTBO ,Z(HK Ha HHnaoHHnyio 

Ryxypyaa 

KJieTKy 

jihjihb 

1,4 

Becno3BOHOHHbie 

15,4 

>KHBOTHbie 

134,2 

flp030(J)HJia 


CBepHOK flOManiHHH 

0,2 

Pbi6bi 

12,0 

oceTp 


npOTonTepyc 

3,2 

Am(|>h6hh 

100,0 

TpHTOH 


06 bIKH 0 BeHHbIH 

73,0 

aMcjinyMa 

108,0 

n p e c m b i k a io m n e c h 


nepenaxa 3ejieHaa 

5,0 

llTHLlbl 


Kypima 

2,3 
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MaeKonHTaioipHe 


MblHIb 

5,0 

neaoBeK 

6,0 


PaspeLUHTb 3 th Bonpocbi oica3anocb B03M0/KiibiM Ha ocHOBaHHH inyHeinia 
KHHeTHKH peaicpHH penaTypauHH hjih niopnaHaamiii /THK. Ecjih 

(J)parMeHTHpOBaHHbie MOJieKyabi ,H,HK b pacTBOpax noaBeprnyTb TenaoBOH 
aenaTypau.Hn, a 3aTeM HiiKyonpoBaTb hx npn TeMnepaiype necKoabKO 6ojiee hh3koh, 
ueM Ta, npn KOTOpoii nponcxoaiiT aenaTypapna, to HaeT BOCCTaHOBjreHHe HexoaHOH 
aBycnupaabiiOH CTpyKTypbi (jiparMeHTOB ,H,HK 3a chct BOCCoeaHnemiH 
KOMnaeMeHTapHbix ueneu - penaTypapna. /)HK BHpycoB h n p o Ka p h ot h h e c k h x 
KJieTOK 6biao noKa3aHO, hto cxopocTb Taxon peHaTypapHH npHMO 3aBHCHT ot 
BejTHHHHbi reHOMa; neM Soabine reHOM, neM Soabine xoaHHecTBO /)HK Ha nacrapy 
HHH KjTCTKy, T6M SOHbHie Hy>KHO BpeMCHH CHyHaHHOrO c6aH/KeiIHH 

KOMnaeMeHTapHbix peneii it cnepncjiHHecKOH peaccopnapiTH Soabmero nncaa pa3Hbix 
no HyKaeoTHaHOH nocneaoBarenbHOCTH ([iparMeiiTOB /)HK (pnc. 53). Xapaicrep 
KpHBOH peaccopnapini ^HK npoKapnoTH L iecKHx khctok yKa3biBaeT Ha OTcyrcTBiie 
noBTOpaioipHxca no caeaoBaTeabHO CTeii ocHOBaHHH b reHOMe npoxapHOT; Bee 
ynacTKH hx ^HK HecyT yHHKanbHbie nocaeaoBaTeabHOCTH, hhcho h pa3HOo6pa3iie 
KOTOpbix OTpaacaeT CTeneHb caoacHOCTH reneTH L iecKOH komho3hphh oSbexTOB h, 
caeaoBaTeabHO, hx oSipeii SnoaorHaecKOH opraHroapini. 

CoBceM apyraa xapTuna peaccopnapHH /)HK naSaiopaeTca y syxap h ot h h e c k h x 
opraHH3MOB. Oica3anocb, hto b cocTaB hx /)HK BxopaT cjipaKHini, KOTOpbie 
peHaTypHpyiOT c ropa3ao 6oaee bbicokoh CKOpocTbio, hcm mo>kho 6biao 6bi 
npeanoaaraTb Ha ocHOBaHHH pa3Mepa hx reHOMa, a Taicace ({ipaKpua ,ZI,HK, 
penaTypupyioipaa MeaaeHHO, noao6no yHHKaabHbiM no caeaoBaTeabHO cthm /)HK 
npoxapHOT. OaHaKO ana ayxapHOT TpeSyeTca snamiTeabiio Soabmee BpeMa ana 
peHaTypapHH 3 toh (jipaKpHH, hto CBa3aHO c o6iphm 6oabiHHM pa3MepOM hx reHOMa h 
C SoablHIIM HHCaOM pa3HHHHbIX yHHKaabHbIX reHOB. 
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B toh wacTH /THK ayxapHOTOB, xoTOpaa OTJiHnaeTca bbicoxoh ckopoctbk) 
penaTypamiii, paajiHwaiOT hbc noa4)paKLum: 1) (jipaxpHio c bbicoko hjih nacTO 
noBTOpaiomHMHca n o cji e/io b aTeji b n o c Ta m h , 171 e cxoanbie ynacTXH /THK Moryr 6bitb 
noBTOpeHBi 10 6 pa3; 2) (JipaKmno yMepeHHO noBTopaiounixca nocaeaoBaTeabnocTeH, 
BCTpenaiomHxca b reHOMe 1 0 2 - 1 0 3 pa3. Tax, y mbiuih bo (jipaxiiHio /JHK c nacTO 
noBTOpaiomHMHca n o cji e ao BaTeji b n o CTa m h bxoaht 10% ot o 6 mero xojiHnecTBa /THK 
Ha reHOM h 15% npHxoflHTca Ha (j)paxH,Hio c yMepeHHO noBTOpaiomHMHca 
nocjieflOBaTejibHOCTBMH. OcTajibHbie 75% ot Been /THK Mbimii npeflCTaBJieHbi 
yHHKajibHbiMH ynacTKaMH, co o t b e t c t b y i o m ii m h SojibinoMy HHCJiy paaaHHiibix 

HenoBTOpaiOHiHxca reHOB. 

Opaxu,HH c nacTO n o b to p a i o in i i m h c a n o cji eno BaTe ji b n o CTa m m MoryT oSjianaTb 
hhoh nnaByneH nnoTHOCTbio, neM ocHOBHaa Macca /(HK, h noaTOMy MoryT 6 bitb 
BbiflejieHbi b hhctom BH^e, xax Tax Ha3biBaeMbie (J)paxu,HH caTejiJiHTHOH ^HK. Y 
Mbimii 3Ta (j)paxu,Ha HMeeT njiOTHOCTb, paBHyio 1 ,69 1 t/mji, a ocHOBHaa nacTb /THK - 
1,700 t/mji. 3 th pa3JIHHHB nJIOTHOCTH OnpeaeaHIOTCa pa3JIHHHBMH B HyXJieOTHflHOM 
cocTaBe. HanpHMep, y mbihih b stoh (jipaxnHH HMeeTca 35% T h U, nap, a b 
ochobhom nuxe ,3,HK - 42 %. 

Kax oxa3ajiocb, caTejuiHTHaa /1HK, hjih (J)paxu,Ha ,H,HK c nacTO n o bto p a i o hi h m h c a 
nocjie/iOBaTejibHOCTaMH, He ynacTByeT b CHHTe3e ochobhbix TiinoB PHK b xjieTxe, He 
CBB3aHa c npopeccoM ciiHTe3a 6ejixa. 3 tot bbiboa cnejiaH 6 biji Ha ocHOBaHHH toto, 
HTO HII OflHH H3 TIinOB PHK XJieTXH (tPHK, hPHK, pPHK) He TIl6pHflH3HpyeTCa c 
caTejuiHTHbiMH ^HK. CjieflOBaTejibHO, Ha sthx /THK HeT noejienoBaTejibHOCTeii, 
OTBewaiouinx 3a CHHTe3 xjieTOHHbix PHK, T.e. caTejinHTHbie /THK He aBJiaiOTca 
MaTpupaMH fljia CHHTe3a PHK, He ynacTByiOT b TpaHCxpiinpiiii. 

CymecTByeT rnnoTe3a o tom, hto BbicoxonoBTOpaiouHieca nocjienoBaTejibnocTii, 
He ynacTByiomHe HenocpencTBeHHO b CHHTe3e SejixoB, MoryT hccth iHnjiopManHio, 
iirpaiomyio Baaoiyio CTpyxiypHyio pojib b coxpaHeHiin h cj) y hxh,h o h h p o b a n h h 
XpOMOCOM. K HHM MOTyT 6bITb OTHeCeHbl MHOTOHHCJieHHbie ynacTXH /(HK, 
CBajamibie c SejixaMH ocTOBa iniTepc})a3noro anpa (cm. iiH>xe), yiacTKM nawajia 
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penjiHxapnH hjih TpaHCxpnmjHH, a Tax>xe ynacTXH /1HK, peryjnipyioiinie 3th 
npopeccbi. 

MeTOflOM rH6pHflH3au,HH HyKJieHHOBtix khcjiot npuMO Ha xpOMOCOMax (in situ ) 
6biJia Hsywena aoKaaMsaunH 3toh (JipaxHMM. 3Toro Ha H30JiHp0BaHH0H 

caTejuiHTHOH /THK c homo hi bio SaxTepHajibHbix (JiepMeHTOB CHHTe3HpOBajiH 
Mewenyio 3 H-ypn,mniOM PHK. 3aTeM phtojiothhccxhh npenapaT c xpOMOCOMaMH 
no^BepranH Taxon o6pa6oTKe, npn xoTOpoii nponcxopHT penaTypamia /(HK 
(noBbiuieHHaa TeMnepaTypa, mejiOHHan cpepa h pp.). Ilocjie stoto Ha npenapaT 
noMemanH Me L iennyio 3 H PHK h poSiiBajiHCb niopHaHaamni Moxpy /IHK h PHK. 
PaflHoaBTorpa(|)HHecKH 6bijio o6napy>xeno, hto Sojibinan nacTB mctkm noxanroyeTCn 
b 30He nepBHHHBix nepeTinxex xpomocom, b 30He hx peHTpOMepHbix ynacTxoB. 
Mctkb o6napy>KHBaaacb Taioxe h b ppyrax ynacTxax xpomocom, ho ohciib cna6o 
(pnc. 54). 

3a nocjiepmie 10 JieT cpejiaHbi Sojibinne ycnexn b royneHini peHTpoMepHbix 
AHK, ocoOenno y apo'/X>xeBbix kjictok. Tax y S. cerevisiae neiiTpoMepnaa /)HK 
coctoht H3 noBTOpmomHxai ynacTxoB no 110 n.H. OHa coctoht H3 AByx 
xoHcepBaTHBHBix ynacTxoB (I h III) h pempajibHoro aaeMeiiTa (II), oooramennoro 
AT-napaMH ocHOBamiH. CxopHoe CTpoeHHe /IHK peHTpOMepbi hmciot xpOMOCOMBi 
3p030(|)HJTbi. H,empoMepHaa /THK nejiOBexa (ajibcfjOHanaa caTCJuiMTiiaa /IHK) 
coctoht H3 TaHpeMa MOHOMepOB no 170 n.H., opraHH30BaHHBix b rpynnbi pHMepoB 
hjih neHTaMepOB, xoTOptie b cbokd onepepb o6pa3yiOT Sojibimie nocacaoBaTcabiiocTH 
no 1-6 x 10 3 n.H. Taxan caMan Sojibinan epHHHpa noBTOpeHa 100-1000 pa3. C stoh 
cneu,n(|)HnecxoH pempoMepHOH /JHK xoMnnexcnpyiOTai ocoObie peHTpOMepHbie 
6ejixn, yHacTByioiTuie b o6pa30Bamni KHHeToxopa, CTpyxTypbi, oSecnewnBaiomeH 
CB«3b xpomocom c MiixpoTpySoHxaMH BepeTCHa n b pBH>xeHHH xpomocom b anac|)a3e 
(cm. HH5Xe). 

7(HK c BbicoxonoBTOpaiomHMHCM nocnepoBaTejibHOCTaMH oSHapyjxeHa Tax^xe b 
TejiOMepHbix ynacTKax xpomocom mhothx ayxapHOTnnecxnx opraHH3MOB (ot 
ppo>x>xeH po nenoBexa). 3pecb name Bcero BCTpenaiOTai noBTOpbi, b xoTOpbie bxoput 
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3-4 ryaHHHOBBix HyxaeoTHaa. Y neaoBexa TeaoMepbi coaepacaT 500-3000 noBTOpOB 
TTAGGG. 3th ynacTXH /(HK BbinoanaiOT ocoOyio pout - orpaiiHHHBaTb xpOMOCOMy 
c kohu,ob h npe^OTBpamaTb ee yxopannBaHHe b npopecce MHoroxpaTHoil 
penjiHKau,HH. 

He^aBHO 6biJio HaiiaeHO, hto BbicoxonoBTOpaiomHeca nocaeaoBaTeabHOCTH /THK 
HHTep(J)a3HbIX XpOMOCOM CBH3bIBaiOTCH CneU,H(j)HHeCKH C SeJIKaMH - JiaMHHaMH, 
noflCTHJiaKDHiHMH aaepHyio oOoaonxy, h ynacTByiOT b laaKopeBaiimi pacranyTbix 
aexoHaeHCHpOBamibix HHTep(j)a3Hbix xpomocom, TeM caMbiM onpeaeaaiOT nopaaox b 
jiOKajiH3au,HH xpomocom b oSbeMe HHTep(J)a3Horo aapa. 

CaeaaHO n pea n oaoace n h e , hto caTeaaiiTiiaa JJHK MO>KeT yiacTBOBaTb b 
y3HaBaHHH roMoaoniHiibix panoHOB xpomocom npn Meik>3e. IIo apyniM 
npeanoaoaceHHaM, ynacTXH c nacTO noBTOpaiOHiHMHCH nocaeaoBaTeabHOCTHMH 
HrpaiOT pojib pa3aejiHTejieii (cneiicepoB) Meacay paiaiiHiibiMii (J)yHKu,HOHajibHbiMH 
eaHHHpaMH xpOMOCOMHOH /(HK, HanpHMep Meacay p en HHKOHaMH (cm. HHace). 

Kax OKa3anocb, (])paxii,Ha yMepeHHO noBTOpaiOHiHxcH (ot 10 2 ao 10 5 pa3) 
nocjieaoBaTejibHOCTeii npnHaaaeacnT k necTpOMy KJiaccy ynacTxoB /(HK, HrpaiOHiHx 
BaacHyio pojib b npopeccax co3aaHHH annapaTa OeaxoBoro CHHTe3a. B 3iy (J)paKu,HK) 
BxoaaT reHbi pnoocoMiibix /(HK, KOTOpbie MoryT obitb noBTOpeHbi y pa3Hbix BHaoB 
ot 100 ao 1000 pa3. B 3Ty (jipaxii,Hio BxoaaT MHoroKpaTHO noBTOpeHHbie ynacTXH j\jik 
CHHTe3a Bcex tPHK. Bojiee toto, HexoTOpbie CTpyicrypHbie reHbi, OTBeTCTBeHHbie 3a 
CHHTe3 onpeaejieHHbix SeaxoB, Taxace MoryT 6biTb MHoroKpaTHO noBTOpeHbi, 
npeacTaBJieHbi mhothmh xomiaMii. TaxHMH HBaaiOTca reHbi ana SeaxoB xpOMaTHHa - 
THCTOHOB, nOBTOpaiOHIHXCa ao 400 pa3. 

KpOMe toto, b 3ry (jipaKu,Hio BxoaaT ynacTKii /(HK c pa3HbiMH 
n o c a ea o b aT e a b n o c t a m ii (no 100-400 HyicneoTHaHbix nap), Taxace MHoroxpaTHO 
noBTOpeHHbiMH, ho pacceaHHbiMH no BceMy reHOMy. Hx poab eme He ao xoHpa acHa. 
Bbicxa3biBaeTca n pea n oa o>xe line, hto Taxne ynacTXH /)HK MoryT npeacTaBaaTb 
co6on axpenTOpHbie nan peryaaTOpHbie ynacTXH pa3Hbix reHOB. 
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HTaK, /ITTK syxapHOTHnecxHx xneTOx reTeporeHHa no cocTaBy, conep'/KiiT 
HecKOJiBKO KJiaccoB nocneflOBaTejiBHOCTen HyxneoTHflOB: nacTO noBTOparomneca 
nocneflOBaTejiBHOCTH (> 10 6 pa3), Bxoflamne bo (J)paKii,HK) caTejuinTHon ^HK n He 
TpaHCKpn6npyK)niHecB; (])paxi],mi yMepeHHO noBTOpfliomHxcfl nocneflOBaTejiBHOCTen 
( 1 0 2 - 1 0 5 ), npeacTaBaniouinx 6 jiokh hcthhhbix reHOB, a Tax>xe KOpOTKne 
nocne^OBaTejiBHOCTH, pa36pocaHHBie no BceMy reHOMy; cjipaKmni yHHxanbHbix 
nocneflOBaTejiBHOCTen, Hecymaa HH(J)opMau,HK) ajib SojibiHHHCTBa SenxoB xneTXH. 

HcXOflfl H3 3THX npeflCTaBJieHHH CTailOBHTCH nOIHITIIBIMH Te pa33HHHH B 
KOJinnecTBe /JHK, KOTOpBie naSaionaiOTCH y pa3HBix opraHH3MOB : ohh MoryT 6bitb 
CBM3aHBI C HeOflHHaKOBOH flOJieil Tex HJ1H HHBIX KJiaCCOB /THK B reHOMe OpraHH3MOB. 
Tax, HanpHMep, y aMcjDnSnn Amphiuma (y KOTOpon ^HK b 20 pa3 Sojibine, neM y 
nenoBexa) Ha ^ojho noBTOpjnoinnxcfl noeneflOBaTejiBHOCTen npnxoflHTca po 80% ot 
Been /THK, y jiyxoB - po 70, y jiococa - ^o 60% n T.n. HcraHHoe >xe SoraTCTBO 
reneTHHecKOH HH(J)opMan,HH ^oioxHa OTo6pa>xaTb (fipaxHiui yHnxanbHbix 
noeneflOBaTejibHOCTen. He Hy>xHO 3a6biBaTb, hto b HaTHBHon, 
HecjDparMeHTHpOBaHHOH MOJiexyne /JHK xpOMOCOMbi Bee ynacTxn, BXjnonaiomHe 
yHHxajibHbie, yMepeHHO n nacTO noBTOpaionineca noene^OBaTejibHOCTH, CBjnaHbi b 
ennnyio rnraHTCxyK) KOBaneimiyio u,enb /],HK. 

Monexyjibi /THK reTeporeHHbi He tojibxo no ynacTxaM pa3HOH HyxjieoTHflHOH 
noejieflOBaTejibHOCTH, ho h pa3JiHHHbi b OTHomeHnn hx CKHTeTHneexoii axTHBHOCTH. 

PenjiHKauHH 3yKapHOTHHecKHX /THK 

BaxTepHajibHaa xpOMOCOMa peimmupyeTca xax oana CTpyxTypHaa eninnma, 
HMeiomaB o/niy CTapTOByK) Tonxy penjiHxau,HH h o,zuiy Tonxy TepiYiiniamni. TaxHM 
o6pa30M SaxTepnajibHaa u,HXJiHnecxaB //HK HBaneTCH on hum peruiHKOHOM. Ot 
CT apTOBOH tohkh penjiHxaipni hhct b HByx npoTHBonojio)XHbix HanpaBJieHHax, Tax 
hto no Mepe CHHTe3a /JHK o6pa3yeTca Tax Ha3biBaeMbrii raa30x penjiHxau,HH, 
orpaHHneHHbiH c flByx ctopoh penjinxau,noHHbiMH BHJixaMH, hto xoporno bh^h npn 
3JiexTpOHHOMHxpocxonHnecxoM H3yneHHH BHpycHbix h SaxTepnajibHbix 
penJ!HH,HpyK)HIHXC>I XpOMOCOM. 


113 



y ayicapHOTHHecKHx KJieTOK opranimmni penan Kami n hhoto xapaKTepa - 
nojiHpenjiHKOHHHaa . . Rax y>xe TOBOpHHOCb, npH HMnyHbcnoM BKHioweinni 3 HT 
MHOJxecTBeHHaa MCTKa noaBJiaeTca n p a kthh e c k h bo b c e x m h t o t h h e c k h x 

xpoMocoMax. 3to 03HanaeT, hto o^HOBpeMeHHO b HHTepc[)a3HOH xpoMocoMe 
cymecTByeT MiiO/KecTBO MecT periHHKamni h mhohccctbo aBTonoMiibix tohck banana 
penjiHKan,HH. Bonee no^poSHO 3to aBJieHHe 6bino royneHO c noMombK) 
p aa h o a bt o r p a cj) m n Menenbix MOJiexyn, Bbiaeaeniibix /(HK (pnc. 55).Echh kjictkh 
SbiJiH HMnyabCHO MeneHbi 3 HT, to b cbctobom MHKpocKone Ha aBTorpa<J)ax 
Bbi^ejieHHbix /|HK mohcho BH^eTb ynacTKH BOCCTaHOBJieHHoro cepeSpa b BH^e 
nyHKTHpHbIX 3HHHH. 3t0 116003 BUi 116 0Tpe3KH ,H,HK, KOTOpbie ycnenn 

p e n 3 H u ii p o b aT B ch , a MOKny hhmh pacno30>Kenbi ynacTKH Hepen3im,HpOBaHHOH 
^HK, KOTOpaa He ooTaBHaa pa^HoaBTorpacjia h noaTOMy ocTaeTca HeBHflHMOH. IIo 
Mepe yB63HH6IHHI BpeMeHH KOHTaKTa 3 HT 6 K36TK0H B63H L Hina TaKHX 0Tpe3K0B 
B03paeTaeT, a paccTOHHHe Meac^y hhmh yMeHbmaeTca. H3 3thx 3KenepHMeHTB 
M05KH0 TO HI 10 paCCHHTaTb OKOpOOTb pen3HKHH,HH ,H,HK y 3y Kap H OT H L I 6 C K H X 
OpraHH3MOB. CKOpOCTb flBH3CeHH3 pen3HKaU,H0HH0H BH3KH 0Ka3a3a6b paBHOH 1-3 
T.n.H. B MHH y MHeKOnHTaiOmHX, 0K030 1 T.n.H. B MHH y HeKOTOpbIX paeTeHHH, HTO 
HaMHOTO IIH/K6 6K0p06TH pen3HKaU,HH ,H,HK y SaKTepHH (50 T.n.H. B MHH.). B 3THX /K6 
SKenepHMeHTax 6 bin a npaMO Hoxaaana n 03 open 3 11 ko n n aa CTpyxrypa /(HK xpOMoeoM 
ayxapHOT: no ^amie xpOMoeoMHOH ^HK, B^03b Hee, pacnonaraeTca mhohccctbo 
He3aBH6HMbix ynacTKOB penaHKapHH - penaiiKOHOB. IIo paccTOHinno Me>K3y 
epe^HHMH TOHKaMH CMC'/KIIblX M6THUIHXCH penHHKOHOB, T.e. nO paCCTOHIIHIO M6/K3y 
flByM3 C0C63HHMH OTapTOBblMH TOHKaMH pen3HKaH,HH, MO'/KIIO y3HaTb BeHHHHHy 
0T363bnbIX penHHKOHOB. B Cp63H6M B63H L lHna peHHIIKOHOBy BblOHIHX '/KMBOTIIblX 
eoeTaBaaeT 0K030 30 mkm nan 100 T.n.H. CneflOBaTeHbHO, b ranaoH^HOM HaSope 
M3eKOnHTaK)HIHX flOHHCHO 6bITb 20 000-30 000 penHHKOHOB. y HH3HIHX ayKapHOT 
BenHHHHa penHHKOHOB MeHbrne, okoho 40 T.n.H. Tax y ^p030(j)H3bi Ha reHOM 
npHxoflHTca 3500 penHHKOHOB, a y AponoKen - 400. Kax TOBOpHHOCb, CHHTe3 /)HK b 
penHHKOHe hhct b HByx n poT h bo n ohohch bi x nanpaBHeiiHHx. 3to nerxo HOKaabiBaeTCH 
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pa^HoaBTorpa(|)HHecKH: ecuH KJieTKaM nocne HMnyjiBCHoii mctkm paTB npopojHKHTB 
CHHTe3HpOBaTB /THK HeKOTOpoe BpeMa b cpepe 6e3 3 HT, to nporooiipeT napeHHe 
bkjhohchhh ero b /THK, oyrcT np ohcxophtb KaK 6bi pa36aBJieHHe mctkm, h Ha 
papHoaBTorpacjie mo>kho OypCT bmhctb chmmctphhhoc, c pByx ctopoh 
penjiHH,HpyeMoro ynacTKa, yMeHBmeHHe KOJinnecTBa 3epeH BOCCTaHOBJieHHoro 
cepe6pa. 

PenjiHu,HpyiomHecM kohh,bi hjih bhjikh b penjiHKOHe npeKpaipaiOT pbhjkchhc, 
Korpa BCTperaTca c BHJiKaMH coce^HHx penjiHKOHOB (b TepMHHajiBHoii TOHKe, o6meii 
Ana coce^HHx penjiHKOHOB). B 3tom MecTe penjiHH,HpoBaHHBie ynacTKH cocepmix 
penjiHKOHOB oobchhihuotch b eamiBie KOBajieHTHBie uenn pByx 
HOBOCHHTe3HpOBaHHBix MOJieKyji /THK. cp y n k u m o n a a b n o e noapa3aeaenne /THK 
xpOMOCOM Ha penjiHKOHBi coBnaaaeT co CTpyKiypHBiM noapaaaeaeiiHeM /THK Ha 
POmchbi hjih neTJiH, ociiOBaiiHa KOTOpBix, Kax y>Ke ynoMHHajiocB, CKpenjieHBi 
SeJIKOBBIMH CBM3KaMH. 

TaKHM o6pa30M BecB chhtc3 /THK Ha otpcjibhoh xpOMOCOMe npoTeKaeT 3a chct 
He3aBHCHMoro CHHTe3a Ha MHO>KecTBe otpcjibhbix penjiHKOHOB, c nocjie^yiomHM 
coe^HHeHneM kohu,ob cocepmix OTpe3KOB /THK. Ehojiothhcckhh cmbicji ttoto 
CBOHCTBa CTaHOBHTCH HCHBIM npH CpaBHCHHH CHHTC3a /THK y SaKTepHH H ByKapHOT. 
Tax oaKTepiiaabiiaH m o h op e n ji h ko i i i i a h xpOMOCOMa pjihhoh b 1600 mkm 
CHHTe3HpyeTca co ckopoctbk) okojio nojiynaca. Ecjih 6bi c aHTHMeTpOBan MOJieicyjia 
/JHK xpOMO combi MJieKonHTaioiHHx penjiHu,HpOBajiacB TO>Ke KaK MOHOpenjiHKOHHaa 
CTpyKiypa, to Ha tto ynuio 6bi okojio iichcjim (6 cyTOK). Ho ecjin b Taxon xpOMOCOMe 
pacnojiojKeHO hcckojibko cot penjiHKOHOB, to pjia nojiHoii ee penjiHKau,HH 
noHapoSHTCn Bcero okojio naca. Ha caMOM >Ke pejie BpeMa penjiHKapHH /THK y 
MJieKonHTaiOHiHx cocTaBJiaeT 6-8 nacoB. 3to CBH3aHO c tcm, hto He Bee penjiHKOHBi 
OTpeJIBHOH XpOMO COMBI BKJIIOHaiOTCa OpHOBpeMeHHO. 

B HeKOTOpBix cjiynaax naSaiopacTCH oaiiOBpeMeniioe bkhiohciihc Bcex 
penjiHKOHOB hjih >Ke nouBJieHHe ponojnnrrejiBHBix tohck Hanajia penjiHKapHH, hto 
JiaCT B03M0IKH0CTB 3aKOHHHTB CHHTC3 BCCX XpOMOCOM 3a MHHHMaJIBHO KOpOTKOC 
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BpeMfl. 3to ^BJieHHe nponcxoaHT Ha pamnix 3Tanax 3M6pnoreHe3a HeKOTOpBix 
5KHBOTHBIX. Tax H3BecTHO, hto npH apodneHnn aim mnopneBbix aarymeK Xenopus 
laevis cmiTei ^HK 3aHHMaeT Bcero 20 MHHyT, Torn a khik b Kyabrype c o m ara h e ckhx 
KJieTOK 3tot nponecc npoaoaacaeTca okojio cyTOK. Aiiaaonmiiaa KapTHiia 
HaSaioaaeTca y ap030(|)Habi: Ha paHHHx 3M6pHOHajiBHBix CTaanax Beet chhtc3 /(HK 
b aape 3aHHMaeT 3,5 MHHyTBi, a b KJieTKax Kyabrypbi TKaim - 600 MHHyT. IIpH stom b 
KJieTKax KyjiBTypBi BejiHHHHa penjiHKOHOB OKa3ajiacB noHTH b 5 pa3 doabine, hcm y 
3M6pHOHOB. 

CHHTe3 ^HK no flJIHHe OTfleJIBHOH XpOMOCOMBI npOHCXOflHT HepaBHOMepHO. Bbijio 
odHapyaceHO, hto b MiianBiinyanbiiOM xpOMOCOMe aKTHBHbie penjiHKOHbi coopaiibi b 
rpynnbi, penjiHKaTHBHbie enmmnbi, KOTOpbie BKJiK)HaK)T b ce6a 20-80 tohck nanaaa 
penjiHKau,HH. 3to caeaoBaao H3 amaroa paanoaBTorpacjiOB ,Z],HK, rae Hadaioaaaacb 
HMeHHO Taxaa coaoaeiiiiocTb p e n a n u n p y i o in n x c a OTpe3KOB. ,Z]pyrHM ocHOBamieM 
aaa npeacTaBaeHna o cymecTBOBaHnn Sjiokob nan KaacTepOB penanKOHOB nan 
penaiiKamioniibix enmiim 6bian 3KcnepHMeHTbi c BKaioneinieM b ^HK aHaaora 
THMHflHHa - 5 ’ - 6 p o m a e 3 o kx h y p h a h n a (BrdU). BKaionenne BrdU b iiiiTepcjiaaiibin 
xpOMaTHH npHBoaHT k TOMy, hto bo BpeMa MHT03a, ynacTKH c BrdU KOiinencnpyiOTca 
b MeHbmeii CTeneHH (HeaocTaTOHHaa KOHaeHcanna), neM Te ynacTKH, rae BKaionaaca 
THMHaHH. Il03T0My Te yHBCTKH MHTOTHHCCKHX XpOMOCOM B KOTOpbie BKHIOHMHCH 
BrdU, 6yayT caa6o OKpamnBaTbca npn aH(J)(j)epeHu,HaabHOH OKpacKe. 3to no3BoaaeT 
Ha CHHxpOHH3HpOBaHHbix KyabTypax KaeTOK BbiaciniTb noeaeaoBaTeabHOCTb 
BKaioneHna BrdU, T.e. noeaeaoBaTeabHOCTb CHHTe3a ^HK no a-JiuHe oaHon b3htoh 
xpOMOCOMbi. OKa3aaocb, hto nponcxoaHT BKaioneHne npeauiecTBeHHHKa b Soabinne 
ynacTKH xpOMOCOMbi. BKaioneHne pa3Hbix ynacTKOB nponcxoaHT CTporo 
nocaeaoBaTeabHO b Teaeiiiie S-nepnoaa. Kaacaaa xpOMOCOMa xapaKTeproyeTca 
BbicoKoii CTadHabHOCTbio nopaaxa penanKannn no CBoen a-JiuHe, HMeeT cboh 
cneu,H(j)HHecKHH pncyHOK penanKannn. 

KaacTepbi penaHKOHOB, odbeanHeHHbie b pennnKannoHHbie eaHHHpbi, CBa3aHbi c 
SeaxaMH aaepHoro MaTpHKca (cm. Hnace), KOTOpbie BMecTe c (jiepMeHTaMH 
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penjiHxapHH o6pa3yiOT t.h. xnacTepocoMBi - 30 hbi b niiTepcfiasnoM nape, b KOTOpBix 
HaeT cHHTe3 /THK. 

IIopaaOK, B KOTOpOM a KT M B M py IOTC H penJIHXai],HOHHBie eailllHUBI, MOTXeT, 
Bepo^THO, onpeaeaaTBCH CTpyxTypon xpOMaTHHa b 3thx ynacTxax. Tax, HanpHMep, 
30 hbi KOHCTHTyTHBHoro reTepoxpOMaTHHa (b6jih3h pempoMepBi) penaimiipyiOTca 
oSbihho b KOHpe S-nepnoaa, Tax>xe b xoHpe S-nepnoaa yaBanBaeTOi nacTB 
(jDaxyjiBTaTHBHoro reTepoxpOMaTHHa (HanpHMep, X-xpOMOCOMa caMOx 
MJiexonHTaKDHiHx). OcoSeHHO neTxo bo BpeMeHH no CjieaoBaTejiBHO ctb penjiHxapnn 
ynacTKOB xpomocom xoppejinpyeT c pncyHxoM a n (}) cj) epemjn a a bhoh oxpacxn 
xpOMOCOM: R-cemeHTBi otiiochtch x p a n o p e n a n u n p y 10 lh h m c a , G-cerMeHTBi 

eooTBeTCTByKDT ynacTxaM xpomocom c no3aHeii penjinxapneH. C-cemeHTBi 
(peHTpOMepa) - MecTa caMon no3aHen penjiHxapnn. 

Tax xax b pa3HBix xpOMOCOMax BejinnnHa h hhcjio pa3HBix rpynn 
an(|)(J)epeHu,HajiBHO oxpameHHBix cerMeHTOB pa3JiHHHO, to tto C03aaeT xapTHHy 
acHHxpOHHoro Hanajia h 3aBepmeHHn penjinxan,nn pa3HBix xpomocom b penoM. Bo 
BCflxoM cjiynae, no cjieaoBaTejiBHO ctb Hanajia h oxoHnamni penjiHxapnn OTaejiBHBix 
xpomocom b HaSope He SecnopaaonHan. CyipecTByeT CTporan no CjieaoBaTejiBHO ctb 
penpoayxpnn xpOMOCOM othochtcjibho apyrnx xpomocom b na6ope. 

^JIHTeJIBHOCTB npOIl,eCCa penJlHXapHH OTaeJIBHBIX XpOMOCOM npUMO He 3aBHCHT OT 
hx pa3MepOB. Tax xpynHBie xpomocombi nenoBexa rpynnBi A (1-3) oxa3BiBaiOTCfl 
MeneHBiMH b TeneHne Bcero S-nepnoaa, Tax >xe xax h 6onee xopOTxne xpomocombi 
rpynnBi B (4-5). 

TaxHM o6pa30M, CHHTe3 ,ZI,HK b reHOMe ayxapnoT naHiinaeTca nonm 
oaHOBpeMeHHO Ha Bcex xpOMOCOMax napa b Hanajie S-nepnoaa. Ho npn ttom 
nponcxoaHT nocjieaoBaTejiBHoe h acnHxpOHHoe BXjnoneHne pa3HBix penjinxoHOB xax 
b pa3HBix ynacTxax xpomocom, Tax h b pa3HBix xpOMOCOMax. nocjieaoBaTejiBHOCTB 
penjiHxau,HH Toro hjih hhoto ynacTxa reHOMa CTporo aeTepMHHHpOBaHa 
reHeTnnecxH. 3to nocjieaHee yTBepTxaeHne aoxa3BiBaeTCn He tojibxo xapTHHon 
BXjnoneHHn MeTXH b pa3HBie OTpe3xn S-nepnoaa, ho Tax>xe TeM, hto cyuiecTByeT 
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CTporaa nocne^OBaTejiBHOCTb noaBaeHHa b xoae S-nepnoaa iihkob 
HyBCTBHTenbHOCTH onpeaeaeHHbix reHOB k MyTareHaM. 

OCHQBHbie 6eJlKH XpOMaTHHa - rHCTOHbl 

PoJIB /1HK B COCTaBe KTK HHTep(|)a3HbIX XpOMOCOM (xpOMaTHH HHTep(j)a3HOrO 
aapa), Tax n m h tot h h e c k h x xpomocom aocTaTomio aciia: xpanemie h pcaansauna 
reHeTHnecKOH HH(f)opMaH,HH. OaHaxo ana BbinoaHeHHa 3 thx (jiyHxiiHH b cocTaBe 
MiiTepcjiaanbix aaep neoOxoaHivio hmctb weTxyio CTpyKTypHyio ocHOBy, xoTOpaa 
no3BOJiHJia 6 bi pacnoaoacHTb orpOMHbie no amine MOJieKynbi ,H,HK b CTporoM 
nopaaxe, hto6bi c onpeaenennon BpeMeHHon n o ca e a o b aT e a b n o ct l i o npoTexaan 
npoueccbi xax cnHTe3a PHK, Tax n peaynaHKannn ,Z1,HK B HHTep(|)a3HOM aape 
xoHn,eHTpau,na JtHK aocTiiraeT 100 Mr/Ma (!). B cpeaHeM Ha HHTep (J) a3HO e aapo 
m a e ko n n t aio ui h x npnxoaHTca oxoao 2 m ,Z1,HK, xoTOpaa aoxaaroyeTca b 
cifiepimecKOivi nape co cpeaiiHM anaMCTpoM oxoao 10 mxm. 3to 3iia L iHT, hto Taxaa 
orpoivinaa Macca /1HK aoaaoia xax- to 6bitb yao>xena c K03(|)cj)nmienT0M ynaxoBxii 1 
x 10 3 — 1 x 10 4 . H npn 3 tom b aape aoaaceH coxpaHHTbca onpeaeaeHHbni nopaaox b 
pacnoao'/xemni HacTimno nan noaHOCTbio aeKonaencupoBamibix xpomocom. H 
xpOMe toto, aoa>xnbi obitb peaan30BaHbi ycaoBna ana ynopaaowennoro 
(J)yHXU,IIOHHpOBaHHa XpOMOCOM. ilCHO, HTO BCe 3TH TpeOOBailHH He MOTyT 6bITb 
ocymecTBaeHbi b SeccTpyxTypHOH, xaoTHHecxoii CHCTeMe. 

B xaeTOHHOM aape Beayinyio poab b opraHroapini pacnoaoxenna ,Z],HK, b ee 
xoMnaxTH3au,HH h b perynHpOBaHHii (jiyHxiiHOHanbHbix Harpy30x npunaane'/XHT 
aaepiibiM OeaxaM. Kax yace yxa3biBaaocb, xpOMaTHH npeacTaBaaeT co6oh caoacHbiH 
xoMnaexc /1HK c SeaxaMH, aeso xc h p m 6o n y Kaeo n poTe n 1 1 (^HIT), rae Ha aoaio 
SeaxoB npnxoaHTca oxoao 60% ot cyxoro Beca. Beaxn b cocTaBe XpOMaTHHa ohciib 
pa3HOo6pa3Hbi, ho hx mo5xho pa3aeaHTb Ha aae rpynnbi: thctohm h HemcTOHOBbie 
6eaKH. Ha aoaio tiictohob npnxoaHTca ao 80% ot Bcex SeaxoB XpOMaTHHa. Hx 
B3aHMoaeiiCTBHe c /1HK nponcxoaHT 3a chct coaeBbix nan HOHHbix CBa3eii h 
Hecneu,H(J)HHHO b OTHomeHHii cocTaBa nan nocaeaoBaTeabHOCTeii HyxaeoTHaoB b 
Moaexyae ,H,HK. HecMOTpa Ha npeoSaaaaHHe b o6meM xoanaecTBe, thctohbi 
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npe^CTaBneHLi HeSonbiniiM pa3HOo6pa3HeM SenicoB: ayicapHOTHHecKHe kjictkh 

co^epncaT Bcero 5-7 ranoB Moneicyn tiictohob. B otjihhhc ot tiictohob, t.h. 
HerHCTOHOBBie SejiKH Sojitmeii nacTbio cnepiHjiHHecKH B3aHMO,neHCTByiOT c 
onpenenemibiMii n o cn eno BaTen b n o cth m h MOJieKyn /JHK, oieiib bcjihko 
pa3HOo6pa3He ranoB SenicoB, Bxonamiix b 3Ty rpynny (hcckojibko cot), bcjihko 
pa3HOo6pa3He (jiyiiKHim, KOTOpbie ohh BbinonmnoT. 

rHCTOHbi CBaaaiibi c /)HK b Bime MoneKyjiapHoro KOMnneKca, b BHae cySbeaHinm 
HJ1H HyKJieOCOM. #0 3TOTO CHHTaJIOCb, HTO /)HK paBHOMepHO nOKpbITa 3THMH 
SeJIKaMH, CBH3B KOTOpbIX C ,H,HK OnpeaeaHCTCH CBOHCTBaMH TIICTOHOB. 

rHCTOHbi - 6enKH xapaKTepHbie TOJibKO xpOMaTHHa, oonanaiOT panoM ocoobix 
KanecTB. 3 to ocHOBHbie hjih menomibie 6 cjikh, cbohctbb KOTOpbix onpenemnoTcn 
OTHOCHTeJIbHO BbICOKHM COflepJKaHHCM TBKHX OCHOBHbIX BMHHO KHC JIOT KBR JIH3HH H 
apriiHHH. Hmchho nononcHTenbHbie 3apaflbi Ha aMHHorpynnax nH3HHa h apruHHHa 
oSycjiOBJiHBaiOT cojieByio hjih ineKTpocTaTimecKyio cbhib 3thx SejiKOB c 
OTpimaTejibHbiMH 3apa^aMH Ha (JioccjiaTHbix rpynnax /(HK. 3Ta cbh3b ^ocTaronHO 
jiaoMJibiia, jierKO napyrnaeTca, b stom cnyiae mo'/KCt npoHCxoniiTb nHCComiamm 
/(HIT Ha /THK h thctohm. IIoaTOMy xpOMaTHH, /ie30KCHpH6oHyKJieonpOTeHH hjih me 
xaK Ha3biBajiH paHbrne, HyKJieorHCTOH, BBJiaeTca cjiojkhbim ii y k ji e h ii o b o - 6 e ji k o b b i m 
KOM njieKCOM, b KOTOpbiii BxoflBT jiHHeiiHbie BbicoKonojiHMepHbie MoneKyjibi 7)HK h 
OT pOMHOe MHO>KeCTBO MOJieKyjI TIICTOHOB (flO 60 MJIH. KOnilH Ka^KflOTO Tima TIICTOHOB 
Ha Bflpo). 


rHCTOHbi - HanSojiee xopomo onoxiiMimecKii inyHemibie 6ejiKH (cm. Ta6n. 5). 
Ta6jiima 5. 06miie CBOHCTBa thctohob MJieKomiTaiomHx 




OCHOBHbie 


Kncnbie 

OTHomeHHe 

Thctoh 

Mon. 

aMHHOKHCnOTbl, % 

aMHHOKHC 

OCHOBHbIX 


Bee 



noTbi, % 

aMHHOKHCHOT 



J1H3HH 

ApTHHHH 


K KHCnbIM 
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HI 

23 000 

29 

1 

5 

5,4 

H2A 

13 960 

11 

9 

15 

1,4 

H2B 

13 770 

16 

6 

13 

1,7 

H3 

15 340 

10 

13 

13 

1,8 

H4 

11 280 

11 

14 

10 

2,5 


Thctohm - otho CHTe jibho HeSonbrnne no MoneKynapHon Macce 6ejiKH. 3th 6enKH 
npaKTnnecKH y Bcex ayxapHOT oSaanaiOT cxo^hbimh CBoncTBaMH, ooiiapy>KMBaiOTca 
OflHH n Te xce KJiaccBi thctohob. KnaccBi thctohob OTannaiOTca flpyr ot flpyra no 
COflepJKaHHK) pa3HBIX OCHOBHBIX aMHHOKHCJIOT. TaK rHCTOHbl H3 H H4 0TH0C3T K 
aprnHHH-SoraTBiM, H3-3a OTHOCHTejiBHO BbicoKoro coflep>KaHHa b hhx stoh 
aMHHO KHC JIOTBI . 3 tH rHCTOHbl 3B33K)TC3 HaHSoJiee KOHCepBaTHBHbIMH H3 Bcex 
HCCJieflOBaHHbix SejiKOB: hx aMHHOKHCJiOTHbie nocjieflOBaTejibHOCTH npaKTHHCCKH 
OflHHaKOBbi Ha>Ke y tbkhx OTaaaemibix bmhob kbk KOpOBa h ropox (Bcero hbc 
aMHHO KHC JIOTHbIX 3aMCHbl). 

,H,Ba flpyrnx rncTOHa H2A h H2B othochtch k yMepeHHO oSorameHHbiM jih3hhom 
6enKaM. Y pa3JiHHHbix oobCKTOB BHyTpn 3thx rpynn THCTOHOB OOIiapy'/KHBaiOTCH 
MOKBHflOBbie BapHapHH B HX nepBHHHOH CTpyKType, B nOCJie^OBaTeJIbHOCTH 
aMHHOKHCJIOT. 

Thctoh HI, npeflCTaBJiaeT co6oh He yHHKajibHyio MOJieicyjiy, a KJiacc Scjikob, 
COCTOHIHHX H3 HeCKOJIbKHX flOCTaTOHHO 03 H 3 KOpOHCT BC I 1 II bl X 063 KOB C 

nepeKpbIBaK)IHHMHC3 nOC3eflOBaTe3bHOCT3MH aMHH0KHC30T. y 3THX THCTOHOB 
o6napy>Kenbi snaHHTeabiibie m e>KBH30Bbie h MOKTKaHeBbie Bap Hatpin. OpnaKO hx 
oSipHM CBOHCTBOM 3B33CTC3 oSoraiHCHHOCTb 3H3HH0M, HTO pe3aeT HX CaMbIMH 
OCHOBHbIMH 6e3KaMH, KOTOpbie 3CTK0 OTpeHHIOTCH OT XpOMBTHHa B C036BBIX (0,5 M) 
pacTBOpax. B pacTBOpax c bbicokoh hohhoh chhoh (1-2 M NaCI) Bee thctohbi 
n03H0CTbK) 0Tfle33K)TC3 OT /THK H nepeXOpUT B paCTBOp. 

,11,33 THCTOHOB BCeX K3aCCOB ( 0 C 06 eHH 0 fl33 HI) XapaKTepHO K3aCTepHOe 
pacnpepeneHHe ochobhbix aMHH0KHC30T, 3H3HHa h aprnHHHa, Ha N- h C-KOHpax 
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MOJieKyn. CpeflHHHLie ynacTKH MOJieKyn thctohob o6pa3yiOT hcckojibko (3-4) a- 
cntipajibHLix ynacTKa, KOTOptie kom naKTHsy iotch b moSyaapnyio CTpyKTypy b 
H30T0HHHeCKHX yCJIOBHflX (pHC. 56). IIO-BHflHMOMy, OOraTblC nOJIOJKHTeJIBHBIMH 
sapaaaMH HecmipajirooBaHHBie kohh,bi Scjikobbix MOJieKyn thctohob ii 
ocymecTBJiaKDT hx cbaib apyr c apyroM h c /(HK. 

y rHCTOHa HI HanSonee BapHaSenbHbiM aBJiaeTca N-KOHeu,, ocymecTBjnnomHH 
CBa3B c apyrnMH niCTOHaMH, a C-koiicu, SoraTBiH jih3hhom, BsaHMoaencTByeT c 
A HK. 

B npouecce >KM3ne,aeflTe;ibnocTM kjictok MoryT npOHCxo^HTb 
nocTTpaHCJiapHOHHbie n3MeHeHna (MO,n,H(|)HKai],HH) thctohob: apeTHanpOBamie h 
M eTHJIHpOBaHHe HeKOTOpbIX OCTaTKOB JlH3HHa, WTO npHBOflHT K nOTepe HHCJia 
noao'/KHTeabiibix aapaaoB, h (j) o c c|) o p h a h p o b a n h e cepHHOBbix OCTaTKOB, npiiBOflamee 
k noaBJieHHK) OTpupaTejibHoro 3apa.ua. AueTHanpoBaiiHe h c|) o c cj) o p h a h p o b a n h e 
mCTOHOB MO'/KCT 6bITb oSpaTHMbIM. 3lH M O.H M (j) II K a U, II M 3HaHHTeJIbHO MCIIHIOT 
CBOHCTBa thctohob, hx cnocoSHOCTb CBa3biBaTbca c /(HK. Tax noBbimeHHoe 
apeTHJiHpOBaHHe thctohob npe^mecTByeT aKTHBapnn reHOB, a (jioccfiopHJiHpOBaHHe h 
^e(J)oc(J)opHJiHpoBaHHe CBioaHbi cooTBeTCTBeHHO c KOH/ieHcapneH h .neKOH/ieHcaiiHeH 
XpOMaTHHa. 

rHCTOHbi CHHTe3HpyK)Tca b u,HTonjia3Me, TpancnopTupyiOTCH b aflpo h 
CBa3biBaK)Tca c /(HK bo BpeMa ee penjiHKapHH b S-nepHO^e, T.e. chhtc3 thctohob h 
/(HK CHHxpOHH3HpOBaHbi. npH npeicpameHHH KJieTKOH CHHTe3a /(HK niCTonoBbie 
HH(J)opMaH,HOHHbie PHK 3a HecKOJibKO MHHyT pacna^aK)Tca h chhtc3 thcohob 
ocTaHaBJiHBaeTca. BKJHOHHBimieca b xpOMaTHH rucTOHbi oneHb CTaSHJibHbi, HMeiOT 
HH3KyK) CKOpOCTb 3aMeHbI. 

noapaa/ieaenHe rucTonobi Ha naTb rpynn h aocTaTomioe cxo^ctbo hx BHyrpH 
KajK^OH rpynnbi b penoM xapaicrepHO j\jik syicapHOT. OanaKO ueabin paa otjihhhh b 
cocTaBe niCTonoB na6jno,aaeTca kbk y bbichihx, Tax h y hhb ttt hx syicapHOTHHecKHx 
opraHH3MOB. Tax y hh3hihx ho3bohohhbix BMecTO HI, xapaKTepHoro ^Jia Bcex 
TKaneii 3thx opraHH3MOB, b apHTpopirrax iiaxo,aaT tiictoh H5, KOTOpbiH coaep>KHT 
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Soutine apruHHHa h cepHHa. C flpyroii ctopohbi, Ha6jno,naeTca OTcyrcTBHe 
HeKOTOpBix rpynn thctohob y pa,ra ayxapHOT, h b penoM pane cjiynaeB nonHaa 
3aMeHa sthx Ocjikob Ha npyrne. 

rHCTOHono^oSHbie Semen 6bijih oOHapyaceHBi b cocTaBe BHpycoB, SaxTepHH, 
MHTOxoHflpHH. Tax, HanpHMep, y E. coli b KJieTKe b Sojibhiom kojihhcctbc 
o6Hapy5KHBaK>Tca OeaxH (HU h H-NS), no aMHHOKHCJiOTHOMy cocTaBy 

HanOMHHaKDHIHe rHCTOHBI. 

OyHKUHQHaJlbHbie CBOHCTBa THCTOHOB 

HlnpOKoe pacnpocTpaHeHne thctohob, hx cxo^ctbo .aaace y ohchb OT^ajieHHBix 
BHflOB, 06a3aTeJIBH0CTB BXOJK^eHHa HX B COCTaB XpOMOCOM, BCe 3TO rOBOpHT 06 HX 
Hpe3BBinaHHO BaacHoi! pojin b npopecce >KH3He,neaTejiBHOCTH rjictok. Eme %o 
OTKpBiTHa HyKJieocoM cymecTBOBajio hbc b 3 a m m oho n oh i hi i o hi m e flpyr flpyra rpynnbi 
rnnoTe3 o (J)yHKu,HOHajiBHOH pojin thctohob, o perymnopHOH h CTpyxTypHOH hx 
pOJIH. 

Ebijio oSnapyaceno, hto BBiaeaeniibiH xpOMaTHH npn aoSaBnennn k HeMy PHK- 
nojiHMepa3bi mo'/KCt 6bitb MaTpHpeH ana TpaHCxpHnpHH, o/niaxo bkthb ho ctb ero 
COCTaBJiaeT Bcero JIHHIB OKOJIO 10 % OT aKTHBHOCTH, COOTBeTCTByiOIHCH aKTHBHOCTH 
BBiflejieHHOH hhctoh ^HK. 3Ta aKTHB hoc tb nporpeccHBHO B03pacTaeT no Mepe 
y^ajieHHa rpynn thctohob h MoaceT ^octhhb 100 % npn nojiHOM yaaneHHH thctohob. 
Orciofla MoacHO 6bijio caeaaTB bbiboh, hto o6lhcc coaepacaiiHe thctohob mo/KCt 
peryjiHpOBaTB ypOBeHB TpaHCKpnnu,HH. 3to HaOmofleHne coBna^aeT c TeM, hto no 
Mepe yaanemni thctohob, ocoSeHHO HI, npoHCxo^HT nporpeccHBHaa 
AeKOHAeHcau,Ha, pa3BOpaHHBaHne (|)h6phjiji /TTTTT, hto bo3mo>kho oSnerHaeT 
BaaMMoneilcTBiie PHK-nojiHMepa3Bi c MaTpHHHOH /THU Tax ace 6bijio oSnapyaceno, 

HTO MOflH(J)HKaU,Ha THCTOHOB npHBOflHT K yCHJieHHK) TpaHCKpHnU,HH H 
OflHOBpeMeHHOH ^eKOMnaKTH3au,HH xpOMaTHHa. CjieflOBaTejiBHO, HanpaniHBaeTca 
BBIBOfl O TOM, HTO KOJIHHeCTBeHHOe H KaHeCTBCHHOe COCTOaHHC THCTOHOB BJIHaeT Ha 
CTeneHB KOMnaxTHOCTH h aKTHBHOCTH xpOMaTHHa. Oanaxo ocTaBanca otkpbitbim 
Bonpoe o eneu,H(J)HHHOCTH peryjiaTOpHBix cbohctb thctohob: xaKOBa porn. thctohob 
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npn CHHTe3e cnemicjmHecKnx hPHK b pa3HHHH0 amjxjiepei i mipoBai n i bix KJieTKax. 
3 tot Bonpoc ^0 chx nop eme He pemeH, xoth mo>kho c^ejiaTB HeKOTOpBie 
oSoOmemni: Ha 3Ty pom. MoryT npeTemiOBaTb Te rpynnti thctohob, KOTOpBie 
HanMeHee KOHcepBaTHBHBi, Taxne xax HI hjih xax H2A h H2B, KOTOpBie MoryT b 
3HaHHTeJlBHOH Mepe MOflH(J)HU,HpOBaTBCM H TCM CaMBIM H3MeHHTb CBOH CBOHCTBa B 
onpeaeaemiBix ynacTxax reHOMa. 

BbiJia OHCBMana h CTpyKTypnaa, ko m n a kt H3 h p y i o hi a a , pom. thctohob b 
opraHH3au,HH xpOMaTHHa. Tax nocTeneHHoe ^oSaBJieHHe (J)paKu,HH thctohob k 
pacTBOpaM hhctoh ^HK npHBOflHT k Bbina^eHHK) b oca^OK KOMnjieKca ^Hn, h 
H aoSopOT, nacTHHHoe yuajieHne thctohob H3 npenapaTOB xpOMaTHHa, Be^eT k ero 
nepexoay b pacTBOpHMoe cocTomme. C apyroil CTOpOHbi, b h h to n a as m bt h h e c k h x 
SKCTpaKTaX OOH,HTOB 3eMHOBO,HHbIX HJIH HHH, MOpCKHX e5KCH, COAepacaiHHX 
CBOOoanbie rHCTOHbi, aooaBaeiiiie jikdSoh ^HK ( BKaiowafl (jiaroByio) npiiBBoanT k 
o6pa30BaHHK) XpOMBTHHOBblX (])H6pHHH (/THH), flJIHHa KOTOpbIX B HeCKOJIbKO pa3 
Kopone HexoflHbix ^HK. 3 th aamiBie TOBOpHT o CTpyxTypHOH, ko m n a kt ms m p y i o lh e h 
pOJIH THCTOHOB. TOTO, HTOOBI OTpOMHbie C a 1 1 T M M 6 T p O B B 1 6 MOJieKyjIbl ^HK 

yjio)KHTb no fljiHHe xpoMocoMbi, h M e io me h pa3Mep Bcero HecKOJibKO MHKpoMeTpoB, 
MOJiexyjia ^HK aoa>Kiia 6biTb xax-TO cxpyneHa, xoMnaxTH30BaHa c njiOTHOCTbK) 
ynaxoBxn paBHOH 1 : 10000. Oxa3ajiocb, hto b npopecce xoMnaxTH3au,HH ^HK 
cymecTByKDT Hecxojibxo ypOBHen ynaxoBXH, nepBbie H3 xoTOpbix npn mo 
onpeflejiaroTca B3aHMO,neHCTBHeM thctohob c ^HK. 

IlepBbiH vpoBeHb KOMnaKTH3auwH JIHK: cTpyKTvpHan pojib HYKJieocoM 

B paHHHX OHOXHMHHeCKHX H 33 6 KT p 0 1 1 1 1 0 M M K p O C KO n II H C C K M X paSOTaX OBIHO 
noxa3aHO, hto npenapaTbi /JHn coaepacaT iiHTwaTBie CTpyxTypbi c anaMCTpoM ot 5 
a o 50 hm. nocTeneHHO CTaao hcho, hto anaMeTp (jmSpnaa xpOMaTHHa 3aBHCHT ot 
cnocoSa BbiaeaeHHH npenapaTa. 

Ha yjibTpaTOHKHx cpe3ax HHTep(j)a3Hbix aaep h m m tot m h e c k h x xpomocom nocae 
(j3Hxcau,HH rayTapOBbiM aaBaernaoM 061 iapyacn Baa hc b xpOMaTHpOBaHHbie (J)H 6 pHaabi 
ToamHHoii 30 hm. Taxne ace pa3Mepbi HMean (j)H 6 pHaabi xpOMaTHHa npn (})H3H L iecKOH 
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(j)HKcai],Hn aaep - npn ObiCTpoM 3 a m o p a > k h b a n h n aaep, cxanbraaHHH oobeKTa h 
nonyHemni penanx c TaKHx npenapaTOB. B nocaeaneM caynae ncxaiOHaaocb 
B03fleiiCTBHe Ha xpOMaTHH nepeMeHHbix xhmhhcckhx ycaoBHH. Ho Bee 3th MeToaxi h 
npiieMbi He aaBaan HiixaxoH HH(J)opMau,HH o xapaxTepe aoKaaroapHii ^HK h 
THCTOHOB B XpOMBTHHOBblX (|)H6pHJlJiaX. 

KpynHbiM coobiTiieM b H3yHennn xpOMaTHHa 6bijio OTKpbiTHe aByMH pa3HbiMH 
cnocoSaMH HyKJieocoM - ancxpeTHbix nacTHH, xpOMaTHHa. Tax npn ocaacaemin Ha 
noaaoacxy fljia 3JieKTpOHHOH MHKpocKorani npenapaTOB xpOMaTHHa b meaoHHbix 
ycjiOBH^x npn hh3koh iiohhoh cnjie, Moaoio 6bijio BHaeTb, hto hhth xpOMaTHHa 
npeacTaBaaan co6oh hto-to, HanoMHHaiomee “Sycw Ha mmce”: HeSoabnnie, okojio 
10 hm, rjioSyjibi, CBH3amibie apyr c apyroM OTpe3KaMH /THK aa h noil okojio 20 hm 
(pnc. 57, 58). 3th HaSjnoaeHHa coBnaaaaH c pe3yabraTaMH (J)paKH,HOHHpOBaHHii 
xpOMaTHHa nocne nacTHHHoro HyKJiea3Horo nepeBapiiBanna. 

Bblio naiiaeno, hto ecjin noaBeprnyTb aeiicTBino HyKJiea3bi mhkpokokkob 
BbiaejieHHbiii xpOMaTHH, to oh noaBepraeTca pacnaay Ha peryaapHO noBTopaionniecH 
CTpyKTypbi. Tax ^HK, noHyiennaa H3 xpOMaTHHa, o6pa6oTaHHoro Hyxjiea30H, 
cocToaaa H3 cepnii OTpe3KOB, xpaTHbix 200 napaM ocHOBaHHH; BCTpenaaHCb OTpe3KH 
b 200, 400, 600, 800 h Soabrne nap HyxaeoTHaoB (n.H.). 3to TOBOpHT o tom, hto 
Hyxjiea3HOH aTaxe b cocTaBe xpOMaTHHa noaBepraiOTca ynacTKH /THK, 
pacnoaoaceHHbie npnMepHO nepe3 xaacaxie 200 n.H. npn 3tom b 
KHcaoTOpacTBOpHMyio (jipaKH,HK) (fflBxonojiHMepHafl) ^HK yxoanT Bcero 2% 
anepnoH /THK. KpOMe toto nocae Taxon HyKaea3HOH o6pa6oTKH H3 xpOMaTHHa 
nyreM peHTpHcjiyrnpOBaHna yaaeTca BbiaeaiiTb (jipaxpHK) nacTHu, co cxopocTbio 
ceaHMeHTapHH 1 1 S (S - eaHHHpa CBea6epra, onpeaeamomaa cxopocTb 
ceaHMeHTau,HH nacTiiu,, paBHa 1 x 10" 13 c), a Taxace nacTHiibi xpaTHoro 3toh BeanHHHe 
pa3Mepa: auMepbi, TpHMepbi, TeTpaMepbi h T.a. OKa3aaocb, hto HacTiipbi 1 1 S 
coaepacaT /THK oxoao 200 n.H. h BoeeMb tiictohob (oKTaMep) no ace xomni 
thctohob H2A, H2B, H3 h H4 h oaHy xonino rucTOHa HI. Taxaa caoacHaa 
nyKaeonpoTenanaa wacTima noaynHaa Ha3BaHne HVKaeocoMbi. Boaee noapoSnbin 
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aHanro 3toh (|)paKL[HH noKa3aji, hto HyKJieocoMa ycTpoeHa cjieayiouiHM o6pa30M: 
OKTaMep thctohob o6pa3yeT SejiKOByio ocnoBy-cepaueBiiny (ot aHra. core, L iacTO b 
Hameii jiHTepaType btot TepMHH Hcnojn>3yeTca 6e3 nepeBoaa: Kop, KOpOBaa wacTima), 
no noBepxHOCTH KOTOpon pacnojiaraeTca /JHK BejniHHHOH b 146 n.H., o6pa3yiomaa 
1,75 oSopOTa; ocTanBHBie 54 n.H. /(HK o6pa3yiOT ynacTOK, necBajamibni c SejiKaMH 
cepnneBinibi - JiHHKep, KOTOpbin, coeaHiiaa hbc coceanne HyKJieocoMbi, nepexoaHT b 
/THK cjieayiomeH HyKJieocoMbi. Thctoh HI CBa3breaeTca nacranHO c ochobhoh, 
cepnneBiniOH n c ynacTKOM JiHHKep a (okojio 30 n.H.). CjieaoBarejibHO, normaa 
HyKJieocoMa coaepacHT okojio 200 n.H. /THK (146 n.H.- cepapeBiiHa, 30 n.H. - 
ynacTOK jinHKepa b KOMnnexce c thctohom HI, 30 n.H. - CBoSoaHaa /(HK), OKTaMep 
cepaneBiimibix (kopobmx) rncTOHOB n oany MOJieKyny rncTOHa HI (pnc. 59). 
MoneKynapHaa Macca nojiHoi! HyKJieocoMbi - 262000 ,3, a. PaccnnTaHO, hto Ha Been 
ranjiOHflHbiii reHOM nenoBeKa (3 x 10 9 nap ocHOBaHHii) npnxoaHTca 1,5 x 10 7 
HyKJieocoM. 

Cepflu,eBiiHa hjih KOpOBaa nacTiipa (hjih MHHHMajibHaa HyKJieocoMa) oneHb 
KOHcepBaTHBHbi no CBoeii CTpyKiype: ohii Bceraa coaepacaT 146 n.H. /THK n OKTaMep 
thctohob. JlnHKepHbin ynacTOK MoaceT 3HannTenbHO BapbnpOBaTb (ot 8 ao 114 n.H. 
Ha HyKJieocoMy). 

Hcnoabsya mctoh pacceaHHa HempoHOB yaanocb ycTaHOBHTb cfiopMy h Tomibie 
pa3Mepbi nyKneocoM. npii rpySoM npnOnH/Kemni - 3to hjiockhh muninap hjih 
maii6a nnaMCTpoM 11 hm ii bbicotoh 6 hm. Pacnojiaraacb Ha noaJioacKe HJia 
aaeKTpOHHoro m h k p o c ko ii h p o Banna ohh o6pa3yiOT «6ycHHbi», raoSyjiapHbie 
o6pa30BaHHa okojio 10 hm, rycbKOM, TanaeMiio CMaaunie Ha BbiTaHyTbix MoneKynax 
3.HK. Ha caMOM ace aeae BbiTaHyTbiMH aBJiaiOTca tojibko HHiiKepiibie ynacTKH, 
ocTajibiibie Tpn HCTBepTH HJiHiibi /THK cnupajibHO ynoacenbi no nepucjiepini 
THCTOHOBOTO OKTaMepa. CaM TIICTOHOBblH OKTaMep, KaK CHHTaiOT, HMeeT (jlOpMy, 
HanoMHHaiomyio Man ana nrpbi b parSn, b cocTaB KOTOporo bxohht TeTpaMep (H3 • 
H4) 2 h aea He3aBHCHMbix auMepa H2A • H2B. Ha pnc. 60 npeacTaBJieHa cxeMa 
pacnojioacemia thctohob b cepaiieBHHHOH wacTH nyKjieocoMbi. 
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B (J)H6pHJinax xpOMaraHa HHHxepHBiH ynacTOK He jiHHeeH, a npoaonacaa cnHpanb 
/THK Ha noBepxHOCTH HyxneocoMHOH HacTim,Bi,CBn3BiBaeT coceaHHe HyKJieocoMBi 
Tax, hto o6pa3yeTca Kax 6bi cnnoniHan hhtb, tojthihhoh okojio 10 hm, cocToamaa H3 
TecHO pacnoao'/Keinibix HyxneocoM (pnc. 61). npn 3tom 3a chct aononHHTeaBHOH 
cmipajiH3au,HH ,H,HK (1 OTpimaTeabiibiii cynepBHTOK /JHK Ha 1 HyxneocoMy) 
npoHexoaHT nepBHHHaa xoMnaxTH3ai],Ha /)HK, c nnoTiiocTBio ynaxoBKH paBHoii 6-7 
(200 n.H. axiHHOH 68 hm, ynoaceHBi b mo6yny anaMCTpoM 10 hm). yxnaaxa noHTM 
HByx bhtkob /)HK no nepH(j)epHii cepaueBini HyxneocoMBi nponcxoaiiT, kbk 
CHHTaeTca, 3a chct BiaMMoaeMCTBua nonoacHTenBHO 3apaaceHHBix aM hhokhchothbix 
ocTaTKOB Ha noBepxHOCTH OKTaMepa thctohob c (jioccfiaTaMH /1HK. N- h C-xoHpeBBie 
ynacTKH cepaHeBinnibix thctohob, oSoramemibie n on oac HTen b n bi m h 3apaaaMH, 
BepoaTHO, cnyacaT ana aononHHTeaBHOH CTaOnaHsaunH CTpyKTypBi HyxneocoMBi. 

Beayuiaa pojib cepaueBinniBix (xopOBBix) SenxoB b KOMnaKTH3an,HH /)HK 
noKa3aHa npn caMoeSopxe HyKJieocoM. Peryanpya noeneaoBaTenBHOCTB aoSaBneiiHa 
thctohob h /1HK, yaanocB n on y hhtb noanyio pexoHCTpyxiiHK) HyxneocoM. B 3tom 
npouecce He nrpaeT HHxaxoii ponn hctohhhk, OTKyaa 6biaa B3aTa ^HK: sto mohcct 
6bitb J\UK oaKTepim h aaace mixaMwecKaa /(HK BHpycoB. OKaaaaocb, hto ana 
o6pa30BaHHa HyKneocoM tiictoh HI He TpeSyeTca, oh yaacTByeT b CBa3BiBaHHH yace 
totobbix HyKaeocoM apyr c apyroM h b o6pa30BaHHH 6onee bbicokhx ypoBiieil 
KOMnaKTH3au,HH /THK. KnioneBBiMH b nocTpoemni HyKaeocoM OKa3aaHCB thctohbi 
H3 h H4. npn 3tom Biianaae /)HK CBa3BiBaeTca c TeTpaMepOM (H3 • H4) 2 k 
KOTOpOMy no3acenpHCoeaHHaK)Tca ana auMepa H2A • H2B. Bepoarao, BBicoKaa 
KOHcepBaTHBHOCTB b CTpoemni thctohob H3 h H4 OTpaacaeT HX BeaymyK) 
CTpyKTypHyK) poab Ha nepBBix 3Tanax KOMnaKTH3au,HH /THK npn o6pa30BaHHH 
HyKaeocoM. 

HyKaeocoMbi npn penniiKaHitit h TpaHCKpmmim 

Kax ace nponcxoaiiT o6pa30BaHHe HyKaeocoM npH penaHxau,HH xaxoBa 

cyaxSa HyxaeocoM b BHaxe penaHxau,HH, xax pacnpeaenaiOTcn HOBBie h CTapBie 
HyxaeocoMBi HaH hx SeaxH - Bee 3th Bonpocbi eme ao xoHpa He pa3pemeHBi. 
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IIpH 3JieKTp0HH0MHKp0CK0nHHecK0M HceaeaoBaHHH penaHpHpyiomeroca 
xpOMaTHHa 6bijio oSHapyaceHO, hto o6e H0B006pa30BaHHbie (jmSpHaabi copepacaT 
HyKJieOCOMBI. 

Ecjih ynecTb cicopocTB cnHTe3a /|HK ayxapHOT (20 hm b ceKynay),TO HOBbie 
HyKJieocoMti npn yuBoemm xpoMOCOMiibix (jmSpHaa aoaacHbi B03HHKaTb co 
CKOpocTbK) 3-4 ceK. Taicafl BbicoKaa CKOpocTb oopaaoBanna HyKJieocoM CBaiana c 
TeM, hto b MOMeHT CHHTe3a ^HK cymecTByeT yace nya CHHTe3HpOBaHHbix thctohob 
Bcex KJiaccoB, totobbix bohth b cocTaB HyKJieocoM. laiCTOHOBbie reHbi, OTHoeaniHeca 
k (j)paKu,HH yMepemio noBTOpaiOHiHxca nocneflOBaTejibHOCTeii /THK, npeacTaBaeHbi 
B BHfle MHOJKeCTBeHHBIX KOIIHH J\JIK KaacpOTO THCTOHa. Offll aKTHBHpyKDTCM BMecTe c 
naaaaoM CHHTe3a /(HK, no3TOMy no Mepe npopBHaceHHa penjinKau,HOHHon bhjikh, 
HOBbie ynacTKH ^HK MoryT cpa3y B3aHMoaeiiCTBOBaTb c HOBOCHHTe3npOBaHHbiMH 
rncTOHaMH. HoBOCHHTe3npOBaHHbie rncTOHbi n CTapbie rncTOHbi b cocTaBe 
npeflinecTByiomHx HyKJieocoM He CMeniHBaiOTca npn o6pa30BaHHH HyKJieocoM bo 
BpeMn penjiHKau,HH /THK. Bmccto stoto OKTaMepbi thctohob, npHcyTCTByiomHe po 
penjiHKau,HH octtiotch HHTaKTHbiMH h nepexoHHT Ha aoHepmni aynaeKC ,ZI,HK, b to 
BpeMa Kax HOBbie thctohbi coSnpaiOTca b coBepmeHHO HOBbie KOp-aacTHpbi Ha 
cboSoahbix ot HyKJieocoM ynacTKax /THK. CTapbie h HOBbie OKTaMepbi thctohob 
pacnpeaenaiOTca Meacpy aoHepniiMii aynaeKcaMH ^HK cayaaHHbiM o6pa30M. 

Hto npoiicxoaHT co CTapbiMH HyKJieocoMaMH b BiiHKX penaiiKamnin /THK no 
KOHpa He acHO. CoraacHO ophoh H3 rnnoTe3, Kaacpaa H3 HyKJieocoM npn nopxoae k 
H eii penjiHKaTHBHoii bhhkh KaK 6 bi pacmenaaeTca Ha hbc « n on y h y kh e o c o m bi » , a 
nyKaeocoMiiaa /THK p a3 b op an n b a e t c a , htoobi aaTb npoiiTH stot yaacTOK /JHK- 
noaHMepa3e. Ilocae stoto HOBOCHHTe3HpOBamiaa u,enb /THK CBfl3biBaeTca co 
CBOSoaHBIMH THCTOHaMH, KOTOpbie eCTb B H36bITKe B flppe, H o6pa3yiOTCa HOBbie 
HyKaeocoMbi Ha BTOpoii penn /JHK. 

KaK yace ynoMHHaaocb, ana aKTHBHO (J>yHKu,HOHHpyiOHiHx 30H xpOMaTHHa 
xapaKTepHO aeKOHaeHCHpOBamioe, pH(})(f)y3Hoe,cocToaHHe. Ha stom cbohctbc 
xpOMaTHHa ocHOBaH oaon H3 MCToaoB noayaeHHa (J)paKu,HH aKTHBHoro xpOMaTHHa, 
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xoraa c noMombio peHTpHijiyrHpOBaHHfl yaaeTca ocaaHTB xoHaeHCHpOBaHHBiil 
xpOMaTHH H3 roMorenaTOB aaep, OTaejiHB ero TeM caMBiM ot nH(|x})y3noro 
xpOMaraHa, oSiiaaaiomero bbicoxoh TpancxpiinmiomiOH axTHBHO ctbio . OpaxpHH 
aKTHBHoro xpOMaraHa oSaaaaiOT paaoM xapaxrepHBix cbohctb: noBBimeHHOH 
HyBCTBHTejibHOCTbio k HyKJiea3aM, noBbimeHHbiM ypOBHeM m on h c|) h k a u, 11 h tiictohob 
(ocoSeHHO apeTHJiHpOBaHHeM THCTOHa HI), noBbimeHHbiM coaep>xaHHeM HexoTOpBix 
HerHCTOHOBbIX SeJIKOB. 

EiioxHMHHecKiie aamibie noKa3biBaK)T, hto bo Bpervia TpaHCxpiinpini nacTB 
HyKJieocoMHBx 6eaKOB ocTaeTca CBinaHHOH c ^HK. HyKJieo combi xax HacTim,Bi 
BHaHbi Ha xpOMaraHOBbix (jiHSpHJiJiax KaK ao MecTa OTXO/Kaenna TpaHCKpunra, Tax h 
nocae Hero npn peaxoil nocaaxe PHK-nojiHMepa3bi, (JiepMeHTa B^Boe Sojibuiero, neM 
HyxaeocoMa. npii wacTOH nocaaxe 3Toro (fiepMCiiTa (HanpHMep npn TpancKpuriLuni 
p moo com n bix reHOB, hjih reiiOB b apyriix axTHBHBix noxyeax), wacTimBi PHK- 
nojiHMepa3Bi pacnojiaraiOTca tccho apyr x apyry h Me>xay hhmh Hyxjieo combi He 
BHaHBi (pHC. 101). BepoHTiiee Bcero Hyxjieo comhbic 6ejixn npii npoxo/xaemni PHK- 
nojiHMepa3Bi He TepaiOT cbh3h c ,H,HK, a caMa ,H,HK b cocTaBe HyxneocoMBi 
p a3 b o p ami b a e t c a . npeaJiaraiOTca a Ba BapnaiiTa inMenenna CTpyxTypBi HyxjieocoM 
npn ciiHTe3e PHK. npH ohiiom hx hhx HyxjieocoMa «pacmenjiaeTca» Ha hbc nony- 
HyxjieocoMBi, a /)HK paiBopaw n BaeTca ; npH apyroM - HyxneocoMa HacTimno 
aexoMnaxTH3Hpyacb, coxparoieT TeTpaMep H 3 -H 4 , a aea auMepa H2A-H2B BpeMeHHO 
OTxoaaT, a 3aTeM, nocne npoxo/xaemia PHK-nojiHMepa3Bi, BOSBpauiaiOTca, npii 3tom 
BoecTaHaBJiHBaeTca ncxoaHaa HyxneocoMa. 

BTOpOH ypOBeHb KOMnaKTH3aHHHH - 30 HM (|)Il6pHJIJia 

TaxHM o6pa30M nepBBiii, Hyxjieo comhbih, ypOBeHB xoMnaxTroapini xpOMannia 
iirpaeT xax peryaaTopnyio, Tax h CTpyxTypHyio pojib, oOecnemiBaa hjiothoctb 
ynaxoBXH /)HK npH6jiH3HTenBHO b 6-7 pa3. 

OaHaXO BO MHOTHX 3 JieXTpOHHOMHXpOCXOnHHeCXHX HCCJieaoBaHHflx 6bijio 
noxa 3 aHO, hto xax b MHTOTHHecxHx xpOMOCOMax, Tax 11 b HHTep(|)a 3 HBix aapax 
BBiaBJiaiOTca (JihSphjijibi xpOMaTHHa c anaMeTpOM 30 hm (pnc. 57b, 62). 
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XpOMaTHHOBbie (|3H6pHJiJiBi TaKoro anaMCTpa 6bijih bh^hbi KaK Ha yjiBTpaTOHKHx 
cpe3ax nocjie cjiHKcamni rayrapOBBiM ajiB^erH^OM, Tax h Ha npenapaTax 
BBi^ejieHHoro xpOMaTHHa h BBiaeaeiniBix xpomocom b pacTBOpax, co/iep>xaiHHx xota 
6bi HH3KHe KOimeiiTpamni aByxBaaenTiiBix xamoHOB. Bbijio noxasaHO, hto 30 hm 
(J)H6pHJiJia xpOMaTHHa MO>xeT oSparao MemiTB cboh ^naMeTp, CTaHOBHTca 
(jmSpHjniOH c tojthihhoh 10 hm, ecjiH npenapaTBi xpOMaTHHa nepeBOflHTB b 
£eHOHH30BaHHyio BO^y hjth b pacTBOpBi, conep'/KamMe xejiaTOH 3,Z],TA. C apyron 
CTOpOHBi, aa>xe HacTHHiiaa sxcTpaxpmi niCTona HI nepeBoanT ncxo^HBie 30 hm 
(J)H6pHJIJlBI XpOMaTHHa B 10 HM HHTH, HMeiOHHie THmiHHBIH HyXJieOCOMHBIH ypOBCHb 
opraHH3au,HH. npH ^oSaBJieHHH k hhm rucTOHa HlBOCCTaHaBJiHBaeTca 
nepBOHaHajiBHBiii anaMCTp (jmSpHJiJi. 

Bee 3TO TOBOpHJlO O TOM, HTO HyXJieOCOMHBie UenOHKH XpOMaTHHa KTIKHM-TO 
cneu,H(J)HHecKHM o6pa30M yno>xeHBi Tax, hto B03HHxaeT He xaoTHHecxaa arperapna 
HyxjieocoM, a npaBHJiBHaa HHTHarafl CTpyxTypa c anaMCTpoM 30 hm. 

Otho CHT ejiBHO xapaxTepa ynaxoBxn HyxjieocoM b cocTaBe 30 hm (JmSphjijibi 
xpOMaTHHa cymecTByeT, no xpaimeH Mepe, hbc tohxh spenmi. 

OflHa H3 hhx 3aniHHiaeT, t.h. cojieHOH/iHbiH ran yxna,nxH HyxjieocoM. CoraacHO 
3toh MO^ejiH, hhtb njiOTHO ynaxoBaHHBix HyxjieocoM anaMCTpoM 10 hm o6pa3yeT b 
cbok) onepe^B cnnpanBHBie bhtxh c rnaroM croipajiH oxojio 10 hm. Ha o^hh bhtox 
Taxon cynepcniipajiH npoxoaHTca 6 HyxjieocoM (pnc. 62). B pe3yjiBTaTe Taxon 
ynaxoBxn B03HHxaeT (J)H6pHJiJia cmipajiBHoro Tima c pempajiBHOH nojiocTBio, 
xoTOpaa h Horn a Ha HeraTHBHO oxpameHHBix npenapaTax ObiBaeT Bimna xax y3XHH 
«xaHan» b ueiiTpe (jmSpHJuiBi. npn nacTHHHOM p as b o p a l i h b a n h h , jx e ko m n a kt h 3 a u h h 
Taxon (JmSpHJiJiBi h HaHeceHiiii ee Ha no^jiojxxy xopomo bhhiio «3HT3aroo6pa3Hoe» 
pacnoHO/xemie HyxjieocoM b^ojib (JmOpHJiJiBi. CnoTaeTca, hto thctoh HI 
oSecnenHBaeT B3aHMO£,eHCTBHe Mox^y coceflHHMH HyxneocoMaMH, He tojibxo 
c6aH/xaa h CBasBiBaa hx apyr c flpyroM, ho ii oOecnemiBaa xoonepaTHBHyio cbh3b 
HyxjieocoM Tax, hto oopasyeTca ^obojibho naoTiiaa cnnpanB H3 10 hm (jmSpHJuiBi. 
YuaneHne, ^a>xe nacTHHHoe, rncTOHa HI BBi3BiBaeT nepexo# 30 hm (JmOpHJuiBi b 10 
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hm (jmSpHany, a noaHoe yaaaeHHe ero Bbi3biBaeT pa3B0pamiBaHHe nocneaHeil b 
CTpyKTypy Tima «6ycim-Ha-HHra». TaKOH cojichoh^hbih ran ynaKOBKH ^HK 
npiiBOflHT k naoTHOCTH ynaKOBKH paBHon npn6jiH3HTenbHO 40 (T.e. Ha Kaacabiil mkm 
hhth npnxoflHTca 40 mkm ^HK). 3th npe.acTaB.nen mu nonynnnn noaTBep>Kaenne 
npn aHajiH3e CTpyKTypbi xpOMaTHHa c noMonibio aniJipaKnnn penTreHOBCKnx Jiynen n 
HeiiTpOHOB. 3aecb HeoSxoaHMO OTMerara, hto npeacTaBaeHHe o coneHonaHOM Time 
yKaaaKn nonynem.i 113 aHaaroa BTopnwno KonaencnpoBannoro xpOMaraHa. Bnanaae 
6bijih noaynenbi npenapaTBi xpOMaraHa b npncyrcTBHH 3,3,TA hjih Bbiaeaaancb b 
paCTBOpaX HH3KOH HOHHOH CHabI B npHCyTCTBHH HOHOB MaTHHa. Bo BCeX 3THX 
caynaax nepBonanaabno xpOMaraH aeKonaencnpoBaaca ao ypoBiia «6ycnH Ha 
hhth», rae OTcyTcrayeT nan aecaaSnaninpyeTca KOHTaKT Meacay HyKaeocoMaMH. 

Ecan ace uccaeaoBaTb xpOMaraH b cocTaBe aaep nan b BHae BbiaeaeHHbix 
npenapaTOB, ho npn noaaepacaHHH onpeaeaemiOH KOHH,eHTpau,HH aByxBaaeHTHbix 
KaraoHOB (He HHace ImM), to MoacHO BHaera ancKpeTiiocTb b cocTaBe 30 hm 
(}in6pnaa xpOMaraHa: OHa coctoht KaK 6bi H3 cSanaceHHbix rao6ya toto ace pa3Mepa, 
H3 HYKaeoMepoB. B 3apy6eacHoii aHTepaaype TaKne 30 hm raoSyabi nan 
HyKaeoMepbi rioaynnan Ha3BaHne CBepxOyenn («cynep6Habi») (pnc. 57b, 62). Ebiao 
o6napyaceno, hto ecan b ycaoBnax, Koraa nyicaeoMepnaa CTpyKrypa (JmSpnaa 
xpOMaTHHa coxpanaeTca, npenapaTbi xpOMaraHa noaBeprHyTb HyKaea3HOH 
o6pa6oTKe, to nacra xpOMaraHa pacTBOpaeTca. npn 3tom b pacraop BbixoaaT 
nacTHpbi, HMeiomne pa3Mep oxoao 30 hm c K03(j)c|)nnnenTOM ceanMenTannn paBHbiM 
45 S b pacTBOpax, coaepacamnx 1 mM Marana. Ecan TaKne BbiaeaeHHbie HyKaeoMepbi 
oSpaSoTara 3,ZI,TA, yaaanra hohbi m arena, to ohh pasBopawnBaiOTca b 
HyKaeocoMHbie penonKH, coaepacamne 6-8 HyKaeocoM. TaKHM o6pa30M, b cocTaB 
oaHoro HyKaeoMepa BxoanT OTpe30K ,3,HK, cooraeTCTByiomHH 1600 napaM 
ocHOBaHHH nan 8 HyKaeocoMaM. 

KoMnaKraocTb HyKaeoMepa 3aBHCHT ot KOHpempapHH hohob Marana h naanmiH 
rncTOHa HI. HerncTOHOBbie 6eaKH b KOH(f)opMaii,HOHHbix npeBpameHHax 
HyKaeoMepOB He ynacTByiOT. 
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TaKHM o6pa30M ocnoBiiaa 30 hm (jiHSpHJiJia xpOMaTHHa npe^CTaBJiaeT co6oh 
jiHHeiiHoe HepeaoBaiiMe HyKJieoMepOB b^ojib KOMnaxrrooBaHHOH MOJieKyjiBi /THK 
(pHC. 62 ). BepoaTHO, hto thctohbi HI, Haxoflact. b pempajiBHOH 30He stoh KpynHoii 
nacTHpbi, BsaHMoaencTBya apyr c flpyroM, nonaep'/KiiBaiOT ee ueaocTiiocTb. B nonb3y 
3Toro roBOpaT ^amibie o KOoneparaBHOM CBfl3BiBaHHH tiictohob HI b rpynne no 6-8 
MOJiexyji. 

npOTHBOpenne Me>Kny cojichoh^hoh h HyKJieoMepHon Monenbio ynaxoBKii 
HyKJieocoM b cocTaBe (J)n6pnjiji xpoMaTiina MO>KeT 6bitb ciuito, ecnn npinmTb 
MO^ejib HeperynapHoro coneHon^a: hhcjio HyKJieocoM Ha bhtok cniipann He 
aBJiaeTCfl CTporo nocTOHHHOH bcjikhkhoh, hto mojkct npHBecTH k nepe^OBaHHio 
ynacTKOB c Sojibhihm hjih mchbuiiim hhcjiom HyKJieocoM Ha biitok. 

HyxneoMepHbiH ypOBeHb yKJia^KH xpOMaTHHa o6ecne L niBaeT 40 KpaTHoe 
ynjiOTHeHne /THK, hto bbikho He tojibko ana ,aocTM>KeinHi pejieii KOMnaKTH3au,HH 
ruraHTCKHx MOJieKyji /THK. KoMnaKTHsamia /THK b cocTaBe 30 hm (J)h6phjiji 
xpOMaTHHa MOJKeT HanaraTb HonojimiTejibiibie cjiyiiKmionajibiibie orpaiiMHeinoi. Tax 
6biJio oSHapyjKeHO, hto b cocTaBe 30 hm (J)h6phjijibi xpOMaTHHa /THK CTaHOBHTca 
npaKTHnecKH neaocTynnoH ana B3 a h m ohchctbuh c tbkhm (JiepMeHTOM xax MeTHJia3a 
/THK. KpOMe toto pe3KO nanaeT cnocoSnocTb xpOMaTHHa CBHSbiBaTbca c PHK- 
nojiHMepa3oii h paaoM peryjiaTOpHbix Scjikob. TaKHM o6pa30M BTOpoii ypOBeHb 
KOMnaKTH3au,Hii /THK MO>KeT HrpaTb pojib (Jiaxropa, unaKTHBHpyiOHiero reHbi. 

B 3aKJiK)HeHHii neoOxoHHMO eme pa3 HanoMHHTb, hto ktik HyKJieocoMHBiii, Tax h 
HyxjieoMepHbiH (cynepoiiJinbiM) ypOBHH KOMnaKTH3au,HH /THK xpOMaTHHa 
ocymecTBJiHKDTca 3a cneT thctohobbix SejixoB, KOTOpbie ynacTByiOT He tojibko b 
o6pa30BaHHH HyKJieocoM, ho ii b iix KOonepaTiiBHOM oSbeaHnemni b bhhc (J)h6phjiji 
/THn, me /THK npeTepneBaeT flonojiHHTejibHyio CBepxcnnpajiH3au,Hio. Bee 
ocTanbHbie ypOBHH KOMnaKTroapini CBaianbi c naJibiieMuniM xapaxrepOM yKna^KH 30 
hm (J)h6phjiji b HOBbie KOMnaKTH3au,iiOHHbie ypOBHH, me Be^ymyio pojib nrpaiOT 
HemcTOHOBbie 6cjikh. 
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HeriiCTOHOBbie SeaKii 

HerncTOHOBbie 6 eaxn cocTaBaaiOT okojio 20% ot Bcex OeaxoB xpOMaTHHa. no 
onpeaeaeHnio, HerncTOHOBbie 6 eaxn - sto Bee 6 eaxn xpOMaTHHa, KpOMe thctohob, 
Bbiaenaionnieca c xp om aTHH om nan xpOMOCOMaMH. 3to coopnaa rpynna SeaxoB, 
OTannaioinHxca apyr ot apyra xax no oolhmm CBOHCTBaM, Tax n no 
(J)yHKU,HOHaJIBHOH 3HanHMOCTH. OKOJIO 80% H3 HerHCTOHOBBIX SeJIKOB OTHOCHTCa K 
SeaxaM aaepnoro MaTpnxca, 06 napy >kh Bae m bi x xax b cocTaBe HHTep(J)a3Hbix aaep, 
Tax n MHTOTHHecxnx xpOMOCOM. 3Ta rpynna SeaxoB 6 yaeT OTaeabHO paccMOTpeHa b 
pa3aeae, nocBauiennoM xoMnaexcy CTpyxTyp, BxoHannix b cocTaB aaepnoro 
MaTpnxca: (J)n6p03Hbin cjioh nan aaMHHa a^epHon oSoaonxn h BHyTpeHHHH a^epHtin 
MaTpnxc, HHTepxpOMaTHHOBaa ceTB, MaTpnxc aapBimxa. 

Bo (J) paramo HerncTOHOBBix OeaxoB MO>xeT BxoauTb oxoao 450 iniaiiBnayanbiibix 
SeaxoB c pa3JiHHHon MoaexyaapHon Maccon (5-200 x,ZJ). HacTb sthx OeaxoB 
BOflOpacTBOpHMa, nacTb pacTBOpHMa b xncabix pacTBOpax, nacTb Henpomio CBa3aHa c 
xpOMamHOM n auccoaHnpyeT npn 0,35 M xoHu,eHTpau,HH cojien (3 M NaCI) b 
npncyTCTBnn aeHaTypnpyioinHx areHTOB ( 5 M MoneBHHa). IIosTOMy 

xapaxTepncmxa n xaaccn(J)Hxau,Ha sthx SeaxoB aaTpyanena, a caMH 6eaxn erne 
HeflOCTaTOHHO H3yneHbi. 

Cpean HerncTOHOBbix SeaxoB o6napy>xHBaeTca peabin pan peryaaTopiibix SeaxoB 
xax c t h m y a n p y i o m h x HHnu,nau,nK) TpaHCxpnnu,HH, Tax n ininionpyionnix ee, 
oSHapyaceHbi 6eaxn cneu,n(j)Hnecxn CBa3biBaK)inneca c onpeaeaemibiMH 
n o c a ea o b aT e a b n o c t a m h Ha ,ZI,HK. K HerncTOHOBbiM 6eaxaM oraocaT Taxace 
(JiepMeHTbi, ynacTByiounie b MeTa6oaH3Me HyxaenHOBbix xncaoT (XI HK- n oa n m e pas bi , 
^ H K - t o n o H3 o m e p a 3 b i , MeTnaa3bi /(HK n PHK, PHK-noaHMepa3bi, PHKa3bi n 
^[HKasbi n T.H.), SeaxoB xpOMaTHHa (npoTenHXHHa3bi, MeTnaa3bi, au,eTnaa3bi, 
npoTea3bi n ap.) h MHorne apyrne. 

HanSoaee noapoSHO royneHbi HencTOHOBbie 6eaxn t.h. rpynnbi c bbicoxoh 
noaBnacHOCTBK) (HMG - high mobility group, nan «6eaxn ,ZJacoHca»). Ohh xopomo 
3xcTparnpyK)Tca b 0,35 M NaCI n 5% HCI0 4 n oSaaaaiOT bbicoxoh 
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3JieKTpO(J)OpeTHHeCKOH nOflBH5KHOCTLK) (oTCKyja hx Ha3BaHHe). Ochobhbix HMG- 
SenKOB HeTBipe: HMG-1 (m.b. = 25500), HMG-2 (m.b. = 26000), HMG-14 (m.b. = 
100000. HMG-1 7 (m.b. = 9247). 3Ta rpynna HaHSojiee SoraTa npe^CTaBneHa cpe^H 

HerHCTOHOBBIX SeJIKOB! B KJieTKe HX OKOJIO 5% OT Bcero HHCJia THCTOHOB. OcoSeHHO 
HBCTO 3TH SeJIKH BCTpenaiOTCH B aKTHBHOM XpOMBTHHe (npHMepHO 1 MOJieKyjia HMG- 
6enKa Ha 10 HymieocoM). BejiKH HMG-1 h HMG-2 He bxoaht b cocTaB HyKJieocoM, a 
CBM3BiBaK)TC5i, BHflHMO c HHHKepHBiMH ynacTKaMH ,Z)HK. BeJIKH HMG-14 H HMG-1 7 

CBfl3BIBaiOTCfl C CepflH,eBHHHBIMH 063 KB MM HyKJieOCOM, HTO oSeCneHHBaeT, BepOHTMO, 
H3MeHeHHe ypOBHH KOMnaKTH3au,HH (j)H6pHJiJi /)HH, KOTOpBie CTanoBHTCH 6onee 
^ocTynHBiMH fljia B3aMMoaeMCTBM3 c PHK-nojiHMepa30H. B 3 tom cjiynae HMG- 
SejiKH BbiCTynaKDT b KanecTBe peryjniTOpOB TpaHCKpHnu,HOHHOH aKTHBHOCTH. Bbijio 
oonapy/Keno, hto (jipaKijHJi xpOMBTHHa, oojianaiOLiiafl noB&imeHHOH 

HyBCTBHTejiBHOCTBK) k ,E(HKa3e I, oSorameHa HMG-6ejncaMH. 

IleTJieBbie ^OMeHbi IHK - TpeTHH ypoBeHb CTpyKTypHOH opraHinaHini 
xpoMaTHHa 

PaCHIH(f)pOBKa npHHU,Hna CTpOeHHfl SJieMeHTapHBIX XpOMOCOMHBIX KOMnOHeHTOB - 
HyKJieocoM h 30 hm (J)h6phjiji - eme Majio hto ^aeT noHHMaHHn ochob 
TpeXMepHOH OpraHH3aU,HH XpOMOCOM, KaK B HHTep(f)a3e, TaK H B MHT03e. 
CopOKaKpaTHoe ynjiOTHeHHe ,Z)HK, KOTOpoe ^ocTHraeTCH npn CBepxenHpajiBHOM 
xapaKTepe ee KOMnaKTH3au,HH, coBepmeHHO eme HeflOCTaTOHHO ajib nonyHeHHn 
peajiBHoro (1 x 10 4 ) ypOBHH ynjiOTHeHHn ,ZJHK. CjieflOBaTejiBHO aojhkhbi 
cymecTBOBaTB 6ojiee bbicokhc ypOBHH KOMnaKTH3au,HH /THK, KOTOpBie b kohchhom 
CHCTe H03/KMBI OnpefleJIHTB pa3MepBI H OO UI MC XapaKTepHCTHKH XpOMOCOM. TaKHe 
BBICHIHe ypOBHH OpraHH3ai],HH XpOMBTHHa SblJIH o6HBpy>KeHBI npH HCKyCCTBeHHOH 

ero fleKOHAeHcau,HH, Kor^a 6bijio HaimeHO, hto no/mep^KaHHe hx cbh3bho c 
HeTHCTOHOBBIMH SeJIKBMH. B 3TOM CJiyHae CneU,HC{)HHeCKHe SeJIKH CBH3BIBaiOTOI c 
oco6bimh ynacTKaMH /)HK, KOTOpBie b MecTax cbhsbibbhhii o6pa3yiOT Sojibhihc 
neTJiH hjih HOMeMbi. TaKHM o6pa30M cnenyiOLinie 6ojiee bbicokmc ypOBHH 
KOMnaKTH3BU,HH ,Z)HK CBH3BHBI He C ee ^OnOJIHHTeJIBHOH CnHpaJIH3aU,HeH, a c 
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o6pa30BaHHeM nonepennoH neTJiHCToii CTpyKTypBi, Haymeii BaojiB HHTep(f)a3HOH hjih 
MHTOTHHeCKOH XpOMOCOMBI. 

Kaic yace yKasBiBaaocB, cjioaoiaa CTpyKTypa aapa hjih HymieoHaa npoKapHOT 
0praHH30BaHa b BHae nepapxHH neTJieB&ix aoMeHOB /THK, CBa3aHHBix c hcSojibhikm 
KOJIHH eCTBOM CneU,HaJIBHBIX SeJIKOB. 

IleTJieBOH npHHu,Hn ynaKOBKH ^HK odHapyacHBaeTca Taxace h y ayxapHOTHnecKHx 
KJieTOK. Tax ecjin BBiaejieHHBie aapa o6pa6oTaTB 2 M NaCI, T.e. yaajiHTB Bee 
rHCTOHBi, to pejiocTHOCTB aapa coxpaHaeTca, 3a HCKJnoneHHeM toto, hto BOKpyr 
aapa B03HHKHeT t.h. «rajio», cocToamee H3 orpOMHoro HHCJia neTejiB /)HK. Taxaa 
CTpyxiypa aaep nojiyanjia Ha3BaHHe «HyxjieoHaa» (bto tojibko t e p m hi i o ji o r m h e c ko e 
cxoflCTBO c aaepiibiM annapaTOM npoxapHOT). Taao (hjih nepncjiepHa t a koto 
HyKJieoH^a) coctoht H3 orpoMHoro (ao 50000) KOJimiecTBa 3aMKHyTBix Ha 
nepHijiepHH neTejiB ^HK, co cpeamiM pa3MepOM neTejiB okojio 60 T.n.H., ocHOBaHHe 
KOTOpBix 3aKpenaeHO rae-TO BHyTpH aapa, Ha ynacTKax hcthctohobbix dcjikob. TeM 
caMBiM CHHTaeTca, hto nocae yaajieHHa thctohob ocHOBaHHa neTJieBBix aoMeHOB 
^HK, CBa3aHBI C T.H. «MaTpHKCOM» HJIH «CK3(})(f)OJiaOM» - HeTHCTOHOBBIM OCHKOBBIM 
octobom HHTep(J)a3Horo aapa. Oica3ajiocB, hto yaacTKH ,Z)HK, CBa3aHHBie c tthm 

OCTOBOM, HMeKDT OCOSoe CpOflCTBO K HeTHCTOHOBBIM SeJIXaM, HX COCTaB H3yneH, OHH 

nojiyHHHH Ha3BaHHe MAR (matrix attachment region) hjih SAR (scaffold attachment 
region) ynacTKOB. 

OKaaaaocB, hto nemeBBie aomciibi /)HK HHTep(jia3HBix aaep Moamo BBiaejiMTB. B 
BBi,gejieHHBix a a pax b npHcyTCTBHH aByxBajieiiTiiBix kbthohob (2 mM Ca ++ ) b 
xpOMaTHHe aapa BBiaBJiaiOTca HeSojiBinne crycTKH BejiHHHHoii okojio 100 hm, t.h. 
xpoMOMepbi. Ecjih TaKHe xpOMOMepBi npenapaTHBHO BBiaejimr., a 3aTeM 
TKCTpaTHpOBaTB H3 HHX THCTOHBI, TO noa OJieKTpOHHBIM MHKpOCKOnOM MOaCHO BMaCTB 
p03eTKOBHaHBie neTJiHCTBie CTpyKTypBi, rae OTaejiBHBie neon OTxoaaT ot 
peHTpajiBHoro naoTHoro ynacTKa. Kojimhcctbo neTejiB b Taxon p03eTKe MO>KeT 
cocTaBaaTB 15-80, a o6maa Bejimnnia ,f(HK MoaceT aocTHraTB 200 T.n.H., c 
cyMMapHoii anHHoii ,Z1,HK ao 50 mkm. 06pa6oTKa ttkmx po3eTOK npoTeHHa3aMH 
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npHBOflHT K HCHe3HOBeHHK) nJIOTHOH UeHTpaJIbHOH oSjiaCTH p03eTKH H K 
pasBOpaHHBaHHK) neTenb /(HK. 

IIpH3HaKH neTJieBOH uomchhoh oprammiiHH xpOMaTHHa mo>kho naSaioaaTb c 
noMombio 3JieKTpOHHoro MHKpocKona nocne noMemeHHa a^ep hjih xpomocom b 
coneBbie pacTBOpbi hibxoh hohhoh chubi (0,01 M NaCI) b npHcyTCTBHii hh3xhx 
KOHpeHTpapHH flByXBaneHTHbIX KaTHOIIOB ( 1 mM). B 3THX yCJIOBHHX He nponcxoanT 
U e n p o t e h 1 1 113 a h h h xpOMaTHHa, oh coxpaioieT cbokd HOpMajibHyio xnMH L iecKyio 
KOMno3HU,HK), ho siiaHUTCHbiio pa3pbixjnieTCfl h npeacTaBaeii CTaiiuapTiibiMii 
(J)H6pHJiJiaMH t oa lhiiiiom 30 hm. npn 3tom b HeKOTOpbix MecTax mo>xho bhuctb, hto 
OT^ejibHbie crycTKH KOiiuencHpoBamioro xpOMaTHHa BbiHBjnnoT ocoOyio CTpyKTypy. 
3to - po3eTKOBHflHbie o6pa30BaHHa, cocToanuie H3 MHornx neTejib30 hm (})h6phjiji, 
COeflHHMKDHIHXCM B oOlHCM nJlOTHOM U,eHTpe. CpeailHH pa3Mep TaKHX neTJIHCTbIX 
p03eT0K flocraraeT 100-150 hm. IIouoSHbie p03eTKH (jmSpHJin xpOMaTHHa - 

XpOMOMepbl - MO'/KIIO BHaeTb B HU pax CaMbIX pa3H006pa3HbIX oSbCKTOB, /KHBOTIIbIX, 
pacTeHHH, npocTeHHiHx (pHC. 63). 

OcoSeHHO AeMOHCTpaTHBHO TaKHe XpOMOMepbl BblflBJHHOTCfl Ha TOTanbHbIX 
npenapaTax xpOMaTHHa H3 MaKpOHyKneycoB HH(J)y30pHH Bursaria. B stom cjiynae 
MO>XHO BHaeTb, HTO KaJKflblH XpOMOMep COCTOHT H3 He CKOJlbKHX CO/iep'/KaLHHX 
HyKJieocoMbi neTenb, KOTOpbie CBHiaiibi b ouhom ueiiTpe. XpOMOMepbl CBaiaiibi upyr 
c upyroM ynacTKaMH HyKJieocoMHoro xpOMaTHHa, Tax hto b ue.no m Binuna uenoHKa 
p03eTKOBHJ!HbIX CTpyKTyp (pHC. 64). 

CxouiiBie KapTHHbi mo>kho naOaiouaTb npn pa3pbixneHHH nojiHTeHHbix xpomocom. 
3uecb XpOMOMepbl B BHUe p036T0K XpOMaTHHa BblHBJHHOTCH B 30HaX XpOMBTHHOBblX 
UHCKOB, B TO BpeMH KBK M 6 >K U H CKO B b 1 6 yHaCTKH HX He COHep'/KaT (pHC. 65). IIpH 
ueKOHueHcauHH xpoMaTiuia auep neKOTopbix pacTeHHH (Allium, Haemantnus, Vicia), 
unn KOTOpbix xapaKTepua oco6aa CTpyxTypa mrrep(|)a3Hbix auep, XpOMOMepbl bhuiibi 
B COCTaBe XpOMOHeMHbIX HHTeil. 

riouooiibie poaeTKOBHuiibie neTJiHCTbie CTpyKTypbi, XpOMOMepbl, mo>kho bhuctb 
TaK>Ke npn pa3pbixneHHH h m h tot h l i e c k h x xpomocom xax jxhbothbix, Tax h 
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pacTeHnii. Cne^OBaTejibHO, xpOMOCOMHbie 30 hm (jmSpHJiJibi, cocToanme 113 /)HK h 
THCTOHOB, ynaKOBbIBaiOTCH B BHae neTJIHCTbIX p03eTX0BH,HHbIX CTpyKTyp, 
npeTepneBaa eme ^onoauHTeabnyio xoMnaxTH3ai],HK). 3 to TpeTHH ypOBeHb 
CTpyKTypHoii oprammpffli xpoMaTinia, kbk CHHTaeTca, MO>KeT npiiBomiTb yace k 600- 
KpaTHOH KOMnaKTH3aU,HH ,H,HK (pHC. 66). 

Baaoio OTMeraTb, hto pa3Mep OT^ejibHbix neTJieBbix noivieiiOB coBnaaaeT c 
pa3MepOM CpeailHX penJIHXOHOB H MO'/KCT COOTBeTCTBOBaTb OailOMy HJIH HeCKOJIbKHM 
reHaM. B cbohx ocHOBamiax neTJiH /)HK cBH3aHbi HerHCTOHOBbiMii SenKaMH 
anepnoro MaTpHKca, b cocTaB KOTOpbix MoryT bxohhtb kbk (jDepMenrbi pemiiKamni 
/)HK, Tax h TpaHCKpiinpuH. Taxaa neTeabi io-homci i i iaa CTpyxTypa xpOMaTHHa 
oOecnemiBaeT He TOJibKO CTpyKTypHyK) xoMnaxTH3aimio xpoMaTuna, ho ii 
opraHH3yeT (J)yHKu,HOHanbHbie can nimbi xpomocom - penjiHKOHbi h 
t p a i i c k p h 6 h p y e m b i e reHbi. KoMnjieKC SenxoB, ywacTByiomux b Taxon CTpyxiypHO- 
(J)yHxu,iiOHajibHOH opraHH3au,HH xpOMaTHHa, othochtch x 6enxaM anepnoro 
MaTpHxca. 

Eiaea 6. JI/iepHbiH SejiKOBbifi MaTpHKC 

Q6uihh cocTae nuepHoro MaTpmcca 

Mbi y>xe no3HaxoMHJiHCb c TeM, hto b miTepcjiaaiiOM anpe pa3BepHyTbie 
xpOMOCOMbi pacnojiaraiOTCfl He xaoTHHHO, a CTporo ynopanoHeiiiio. Taxaa 
opraHH3au,Ha xpOMOCOMbi b TpexMepHOM npocTpaHCTBe anpa neoSxoaHMa He tojibxo 
fljia toto, hto6bi npn MHT03e npOHCxo^HJia cerperauna xpomocom, hx o6oco6jieHHe 
ot coceaeH, ho h xpOMe toto iieoSxoanMa ana ynopanoHeinia npoueccoB 
penjiHxan,HH h TpaHexpHnpHH xpOMaTHHa. Moaoio npe^nojiaraTb, hto ana 
ocymecTBJieHHa 3thx 3 an an ^ojiacHa cymecTBOBaTb xaxaa-TO xapxacHaa 
BiiyTpHaaepnaa CHCTeMa, xoropaa MoaceT cnyacHTb oObenmiHiomen ochoboh ana 
Bcex aaepiibix xomhohchtob - xpOMaTHHa, a^pbinixa, anepnon oSojiohxh. Taxon 
CTpyxTypon aBJiaeTca SejiKOBbiH jmepHbiH octob hjih MaTpHKC. HeoSxo^HMO cpa3y 
ace oroBOpHTbca, hto H,a,epHbiH MaTpHxc He npe^CTaBaaeT co6oh hctxoh 
MOp<J)OJiorHHecxoH CTpyxTypbi: oh BbiaBJiaeTca xax OT/ienbiibin m o p cf) oa o r h l i e c k h h 
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reTeporeHHWH KOMnoHeHT npH 3KCTpaKu.Hn H3 auep npaKTHnecKH Bcex ynacTKOB 
xpOMaTHHa, ochobhoh Maccti PHK h HHnonpOTeHuoB auepHOH oSojiohkh. Ot aupa, 
KOTOpoe He TepaeT npH btom CBoeii oSiuen MOpcjionorHH, ocTaBaacb ccjDepHnecKOH 
CTpyKTypoii, ocaaeTca KaK 6bi KapKac, octob, KOTOpbiH HHorua Ha3BiBaK)T euie 
«auepHBiM CKejieTOM». 

BnepBBie KOMnoneiiTbi aaepnoro MaTpHKca (ocaaTomibie aaepiibie SejiKH) SbiJiH 
Bbiueaeiibi h oxapaKTepH30BaHbi b nan an e 60-x ronoB. Bbijio oSHapynceHO, hto npH 
nocjieuoBaTejibHoii o6pa6oTKe H30JiHp0BaHHbix anep ne L iemi Kpbic 2 M pacTBOpOM 
NaCI, a 3aTeM ,II,HKa30H, npOHexouHT nonHoe pacTBOperoie xpOMaTHHa, a 
ochobhbimh CTpyKTypHbiMH 3JieMeHTaMH anpa ocTaiOTca: anepnaa ooonowKa, 

CBa3aHHbie c Hen KOMnoHeHTbi - nyKaeoneivibi (aaepiibie hiith), couepncaiune 6enoK h 
PHK, h aupbiniKH. BbiJia BbiCKa3aHa ninoTeaa, hto (JmSpnanbi xpOMaTHHa b 
H aTHBHbix aupax npnKpemeiibi k tthm occbbim Bchkobbim HHTaM nanonoSne 
«epmiiKa una hhctkh 6yTbinoK» (cm. pnc. 67). 

SnaHHTeabiio noannee (cepenmia 70-x touob) tth paSoTbi nonyannH pa3BHTHe h 
npHBean k noaBneHHio Maccbi hobmx cbcuchkh o HexpOMaTHHOBbix Sejncax auepHoro 
ocTOBa h o ero ponH b 4)M3Mononni KneTOwnoro aupa. B bto ace BpeMa 6biji 
npeanoacen TepMHH «anepiibiH MaTpHKC» una o6o3HaneHHa ocTaTOHHbix CTpyKTyp 
au pa, KOTOpbie Moryr 6bitb nonyHeHbi b pe3ynbTaTe nocneuoBaTenbHbix 3KCTpaKUHH 
anep pa3JiHHHbiMH pacTBOpaMH. Hobbim b 3thx npneMax 6bino HcnonbsoBanne 
HenoHHbix ueTepreiiTOB, tbkhx KaK TpHTOH X-100, pacTBopaiouuix aaepiibie 
HHnonpoTeHunbie Meiviopaiibi. 

nocneuoBaTenbHOCTb o6pa6oTKH Bbinenemibix anep, npiiBonamaa k nonyHeHHK) 
npenapaTOB auepHoro MaTpHKca, oSoraiueHHoro SenKOM, caenyioiuan (cm. Ta6a. 6). 


Ta6jinua 6. 3KCTpaKUHa (b %) anepiibix KOMnoneiiTOB b npouecce noayHenna 
aaepnoro oenKOBoro MaTpHKca 


06pa6oTKa 

OpaKu 

Beao 

A HK 

PH 

(Poc^oaiirai 


na 

K 


K 

Ubi 
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1 ,H30JIHp0BaHHbI 

e 

N 

0 

0 

0 

0 

aflpa 

LS 

52 

75 

19 

2,5 

2. 0,2 mM MgCl 2 

HS 

83 

97 

66 

6,4 

3. 2 M NaCI 

4. 1% TpHTOH X- 

NM 

90 

97 

71 

97,8 

100 

NPM 

90 

99 

98 

98 

5.£HKa3a+PHKa 

3a 







H30JiHp0BaHHbie 5mpa, nonyHeHHbie b pacTBOpax 0,25 M caxap03bi, 0,05 M TpHC- 
HCI 6y(j)epa h 5 mM MgCLnoMemanHCb b pacTBOp hh3koh hohhoh chjtbi (LS), me 
flerpa/iMpOBana ocHOBHaa Macca /THK 3a cneT 3H£OHyKJiea3Horo pacmenneHHa. B 2 
M NaCI (HS) b ,najibHeiimeM nponcxoanaa aHCComiaunH xpoiYiaTinia Ha rucTOHbi h 
/1HK, rnjia ^aabiieHuiaa SKCTpaKumi (jipanvieiiTOB /1HK h pa3JiHHHbix SenKOB. 
IIocjieAyiOHiaa o6pa6oTKa a^ep b 1% pacTBOpe TpHTOHa X-100 npHBOflHJia nonra k 
nojiHoii noTepe (J)occj)OJiHnHflOB a^epHoii oSojiohkh h nojiyneHHK) a^epHoro 
MaTpHKca (NM), coaep'/Kamero ocTaTKH ^HK h PHK, KOTOpbie ^onojiHHTejibHO 
pacTBOpajiHCb npH o6pa6oTKe HyKJiea3aMH, b pe3yjibTaTe Hero nojiynajiH Konennyio 
(J)paKu,HK) aaepnoro SejncoBoro MaTpHKca (NPM). Oh coctoht Ha 98% H3 
HerncTOHOBbix SejiKOB, b Hero, KpOMe Toro, bxohht 0,1% ^HK, 1,2% PHK, 1,1% 
(|)OC(|)OJlHnHflOB. 

XnMHHecKHH cocTaB aflepHoro MaTpHKca, nojiyHeHHbiii tbehm ctiocoSom cxoaen y 
pa3JIHHHbIX oSbeKTOB (cm. Ta6ji. 7). 


Ta6jiHua 7. CocTaB a^epHoro SejiKOBoro MaTpHKca 


OSbeKT 

Eejio 

A HK 

PH 

(PoecjlOJHinH 


K 


K 

flbl 


138 


97 


0,1 


1,2 


Kpbica, neneHb 

U 


KneTXH HeLa 

92,3 

1,2 

0,05 

6,9 




TeTpaxHMeHa 

97 

0,1 

1,2 


0,5 


IIo CBoeii MOp(J)OJioniHecKOH xomho3hh,hh aaepHbiii MaTpHKC cocTOHT,no xpaimeH 
Mepe, H3 Tpex KOMnoHeHTOB : nepuc^epuHecKHH SejiKOBbin ceTuarbiii ((f)ii6po3nbin) 
cjioh - aaMHHa (nuclear lamina, fibrous lamina), BiiyTpennaa hjih 
HHTepxpOMaTHHOBaa ceTb (octob) h «ocTaTO L nioe» aapbimxo (pnc. 68). 

JlaMHHa npeacTaBJiaeT co6oii tohxhh 4)H6p03Hbrii cnoii, noacTHJiaiomHH 
BHyTpeHHioK) Me m 6 pan y aaepnoii oSojiohxh. B ee cocTaB BxonaT Tax ace xoMnnexcbi 
aaepHbix nop, KOTOpbie xax 6bi BMypOBaHbi b (j)n6p03HbiH cjioh. HacTO 3Ty nacTb 
aaepnoro MaTpHKca Ha3biBaiOT (|)paxH,HeH «nopOBbiii xoMnnexc - naMHHa» (PCL - 
“pore complex - lamina”). B HHTaicrabix xneTxax n aa pax jiaMHHa oonbuieii wacTbio 
MOpcjiojiorHnecKH He BbiaBJiaeTca, t.k. k Heii TecHO npHJieraeT cjioh 
nepH(J)epHnecKoro xpOMaraHa. JIhuib HHoraa ee yaaeTca HaSmoaaTb b BHae 
OTHOCHTenbHoro TOHKoro (10-20 hm) (|)H6p03Horo cnoa, pacnonaraiomeroca Meacay 
BHyTpeHHeii MeMSpaHoii aaepHoii oSojiohxh h nepncjiepHHecxHM cnoeM xpOMaTHHa. 

CTpyKTypHaa porib naMHHbi ohciib BenHxai OHa o6pa3yeT cnnoumoH (j3H6p03Hbiii 
oenKOBbiii cnoii no nepncfiepiui aapa, aocTaTOHHbiii ana Toro, l ito6bi noaaepaoiBaTb 
MopcjDOJiorHnecKyio penocTHOCTb aa pa. Tax yaanemie o6enx MeMSpaH aaepHoii 
oSojiohxh c noMonibK) TpHTOHa X-100 He Bbi3biBaeT pacnaaa, pacTBOpeHHa aaep. 
Ohii coxpaHaiOT cboio oxpyrayio (JiopMy h He pacnnbiBaiOTca aa>xe b cjiynae 
nepeBoaa hx b HH3xyio HOHHyio cnny, xoraa nponcxoaHT naOyxaiiHe xpOMaTHHa. 

BHyTpHaaepHbiii octob hjth ceTb MOpcjiojiorHHecxH BbiaBJiaeTca tojibxo nocne 
3xcTpaxn,HH xpOMaTHHa. Oh npeacTaBJieH pbixnoii (|dh6po3hoh ceTbio, 
pacnonaraiomeHca Meacay ynacTxaMH xpOMaTHHa, nacTO b cocTaB 3 toh rySnaroH 
cera BxoaaT pa3JiHHHbie rpaHynbi PHn-npupoabi. 
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HaKOHeu,, TpeTHH KOMnoHeHT aaepHoro MaTpHKca - ocTaroaHoe aapbinnco - 
naoTHaa CTpyKTypa, noBTOpaiomaa no CBoen (J)opMe aapbiuiKO, Taicace coctoht H3 
nnorao yaoaceHHbix (JmSpHaa. 

M o p c|) on o r n n e ck aa BbipaaceHHOCTb sthx Tpex KOMnoHeHTOB aaepnoro MaTpHKca, 
Tax ace Kax n KOJinnecTBO bo cjipaKHnax, 3aBncnT ot neaoro paaa ycaoBHH o6pa6oTKH 
aaep. Jlynme Bcero 3JieMeHTbi MaTpHKca BbiaBaaiOTca nocne Bbiaeaenna aaep b 
OTHOCHT eJIbHO BbICOKHX (5 mM) KOHH,eHTpai],HaX flByXBaneHTHbin KaTHOHOB. 

OSnapyaceno, hto ana BbiaBaenna SeaicoBoro KOMnoHeHTa aaepnoro MaTpHKca 
Soabinoe snawenne HMeeT o6pa30Bamie ancyabcjjnanbix CBa3en. Tax ecjiH anpa 
npeaBapuTeabiio mncyonpoBaTb c HoaaneTaMHaoM, npenaTCTByiouin m o6pa30BaHHio 
S-S CBa3en, a 3areM bccth CTyneHnaTyio aKCTpaKpnio, to aaepHbin MaTpHKC 
npeacTaBaen ToabKO KOMnaeiccoM PCL. Ecan ace ncnoab30BaTb TeTpaTHOHaT HaTpna, 
Bbi3biBaK)m;HH 3aMbiKaHne S-S CBa3en, to aaepnbin MaTpHKC npeacTaBaen bccmh 
TpeMa KOMnoHeHTaMH. B aapax, npeaBapuTeabiio o6pa6oTaHHbix r n n oto n n w e c k h m h 
pacTBOpaMH, BbiHBaaiOTca ToabKO aaMHHa n ocaaTOHiibie aapbimiCH. 

Bee 3th naSmoaenna npnBean k BbiBoay, hto KOMnoHeHTbi aaepnoro MaTpHKca 
npeacTaBaaKDT co6on He 3acTbiBmne acecTKHe CTpyKTypbi, a KOMnoHeHTbi, 
oSaaaaiomiie anna m n h e c k o n noaBnacnocTbio, KOTOpbie MoryT MeHaTbca He ToabKO b 
3aBHCHMOCTH OT yCJIOBHH HX BbiaeaeHHa, HO H OT (j)yHKU,HOHaabHbIX OCOSeHHOCTeil 
HaTHBHbix aaep. Tax, HanpHMep, b 3peabix 3pmpou,HTax Kyp Been reHOM 
penpeccnpoBaH h xpoManm aoKaaH30BaH npeHMymecTBeHHO Ha nepncjjepHH aapa, b 
3tom caynae BHyTpeHHHH MaTpHKC He BbiaBaaeTca, a ToabKO aaMHHa c nopaMH. B 
3pHTpOU,HTaX 5-aHeBHbIX KypHHbIX 3M6pHOHOB, aapa KOTOpbIX COXpanaiOT 
TpaHCKpHnu,HOHHyK) aKTHBHOCTb, 3JieMeHTbi BHyTpeHHero MaTpHKca BbipaaceHbi 
OTHeTHHBO. 

Kax 6biao BHaHO H3 Ta6n. 7, ochobhoh komhohcht ocTaTomibix CTpyicryp aapa - 
6eaoK, coaep'/Kanne KOTOporo MoaceT KoaeSaTbca ot 98 ao 88%. EeaKOBbiH cocTaB 
aaepHoro MaTpHKca H3 pa3Hbix KJieTOK aoBoabHO 6hh30k. XapaKTepHbiMH ana Hero 
aBaaKDTca TpH Seaxa (J)H6p03Horo caoa, h Hocaninx Ha3BaHne aaMHHOB. KpOMe 3thx 
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ochobhlix nojinnenTHflOB b MaTpHKce npHcyTCTByeT Sojibinoe KOJinnecTBO 
MHHOpHBIX KOMnOHeHTOB C MOJieKyjHIpHbIMH MBCCaMH OT 11-13 £0 200 K,Z],. 

JlaMHHBi npeacTaBaeiibi TpeMa oeaKaiviM ( JiaMHHbi A, B, C). ,Z],Ba H 3 hhx, naMHHBi A 
h C, 6jih3kh apyr k npyry n m m y h ojiothh e ck h h no nenTH^HOMy cocTaBy. JlaMHH B 
OT HHX OTJIHHaeTCM TCM, HTO OH npeflCTaBJHieT C 060 H JIHnOnpOTeHfl H nOTTOMy OH 
6 ojiee npoHHO CBH3biBaeTOi c aflepHoii MeMOpaHon. JlaMHH B ocTaeTCn b cbibh c 
MeMOpaHaMH ^a^Ke bo BpeMn MHT03a, Tor^a xax naMHHBi A h C ocBo 6 o)KflaiOTCii npn 
pa3pymeHHH (J)H6p03Horo cjioh h ^H(J)(J)y3HO pacnpe,nejnHOTai no KJieTKe. 

Kaic OKa3anocb, naMHHBi 6jih3kh no CBoeMy aMHHOKHCJiOTHOMy cocTaBy 
npOMOKyTOHHBIM MHKpO(j)HJiaMeHTaM (BHMeHTHHOBBIM H U,HTOKepaTHHOBBIM), 
Bxofl^HiHM b cocTaB pHTOCKejieTa. BacTO (J)paKHHJi Bbiaeaemibix aaep, a Taioxe 
npenapaTbi aaepnoro MaTpHKca conep>KaT anaHHTenbiibie KOJinnecTBa 
npoMOKyTOHHbix (j)HJiaMeHTOB, KOTOpbie ocTaiOTca CBJisamibiMH c nepncjiepHeH anpa 
^a>Ke nocjie yuajieHHn a^epHbix MeMOpaH. 

B OTJiHHne ot npoMe>KyTO L nibix (j)HJiaMeHTOB jiaMHHbi npn nojiHMepH3au,HH He 
o6pa3yK)T iiHTHaTbix CTpyKTyp, a opraimiyiOTCii b ceTH c opToroHajibHbiM TnnoM 
yKJia^KH MOJieKyji. TaKne cnjioniHbie pemeTnaTbie ynacTKH, noflcmnaiOT 
BHyTpeHHioK) MCMopany aaepnoH oSojiohkh, MoryT paaSnpaTbCH npn 
(|)OC(J)OpHJlHpOBaHHH JiaMHHOB, H BHOBb nOJIHMepH30BaTbOI npH HX 

fle(J)OC(J)OpHJlHpOBaHHHH, HTO oSeCneHHBaeT flHHaMHHHOCTb KaK 3TOTO CJIOH, Tax H 
Been aflepHOH oSojiohkh. 

MojieKyjiapHaa xapaxrepHCTHKa ocjikob BHyrpHjmepHoro ocTOBa neTajibiio eme He 
pa3pa6oTaHa. IIoKa3aHO, hto b ero cocTaB bxoaht p rjs , SejiKOB, npHHHMaiOHiHx 
ynacTne b .homchhoh opraHH3au,HH /)HK b HHTep(J)a3HOM n,npe b co3flaHHH 
p03eTK0BHflH0H, xpOMOMepHOH (f)opMbi ynaKOBKH xpOMaTHHa. n pea n on O/Ke ime o 
TOM, HTO 3JieMeHTbI BHyTpeHHeTO MaTpHKca npeflCTaBJIMKDT C 060 H eepflpeBHHbl 
p03eT0HHbix CTpyKTyp xpOMOMepOB n axon ht noHTBep'/Kaeiiiie b tom, hto 
noaiinenTHHiibiH cocTaB MaTpHKca HHTep(j)a3Hbix aaep (3a HCKHiOHeimeM gcjikob 
J iaMHHbi) H OCTaTOHHbIX CTpyKTyp MeTa(J)a3HbIX XpOMOCOM (oeeBbie CTpyKTypbl HJIH 
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«CK3(J)(j30Ji^») n p a k t h h e c k h oannaKOBbi. B o6ohx cjiynaax sth Semen OTBewaiOT 3a 
no/wepjKaHHe nerreBOH opraHH3au,nn /|HK. 

JTHK HJiepHoro 6ejiKOBoro MaTpHKca 

PaccMaTpHBaa ocoSchhocth ^HK, BxoflameM b cocTaB a^epHoro MaTpHKca, 
HeoSxo^HMO eme pa 3 noflHepKHyrb, hto 3 Ta ocTaroHHaii /(HK npe^CTaBJieHa b 
MHHHM anbHOM KOJiHHecTBe (0,1-1% ot cyxoro Beca (j 3 paKu,HH) cocTaBJiaeT Jiiinib 
MeHee 1% ot Been /(HK 5 m pa. 3Ta 7(HK OKa 3 anacb ycTOHHHBoil k /jeHCTBHio 
HyKJiea 3 , BepoaTHO 3 a cneT ee cymecTBOBaHHa b BH^e npoHHbix J(HK- 6 ejiKOBBix 
KOMnJieKCOB. 

Eojibihoh HHTepec npeacTaBaaeT H 3 yHenne (jiparivienTOB /(HK, bxo,t5hhmx b cocTaB 
aaepnoro MaTpHKca. PacneTbi noica 3 ajiH, hto b aapax cymecTByeT ot 60000 ^o 
125000 ynacTKOB /(HK, 3 amnmeHHbix ot ,n,eHCTBH 5 i HyKJiea 3 h 3th ynacTKH MoryT 
6 biTb pacnono>KeHbi Ha Bcex Tpex KOMnoHeHTax a^epHoro MaTpKca. 

IIoApoSHO H3yneHa /)HK a^epHoro MaTpHKca kjictok acpHTHoii KappiiHOMbi 
3pjiHxa Mbiujeii. Tax 6bijih oSnapy'/Keiibi hbc pa3MepHbie rpynnbi (J)parMeHTOB ,3,HK b 
cocTaBe aaepnoro MaTpHKca. B nepByio rpynny bxo^hjih b bi co ko m oh e Kyi h p ii bi e 
(J)parMeHTbi pa3MepOM oxono 10 T.n.H., ohh cocTaBjnuiH Bcero 0,02% ot hcxo^hoto 
KOJiHnecTBa /1HK. Hx hhcjio cocTaBjnuio npHMepHO 100 Ha ramoimiiBiM na6op 
xpOMOCOM, T.e. Bcero2-3 ynacTxa npnKperLienna /(HK k aaepnoiviy MaTpHKcy Ha 
xpOMOCOMy. 3th (JipameHTbi 6bijih oSoramenbi carejuiHTHOH ^HK h 6bijih CBaaaiiBi 
c jiaMHHOH. cPyiiKHMonaaBnoe snaHemie sthx ynacTKOB mo'/KCt coctohtb b 
oSecneneHHH (jiHKCHpOBaHHoro nono>KeHHa xpomocom b 5mpe c noMombio 
3aKpenneHH5i hx onpeaeaemiBix ynacTKOB (pempoMep, TejiOMep) Ha jiaMHHe. 

Bropaa rpynna (jjpameHTOB, CBinannBix c MaTpHKCOM, cocrmra H3 HeSojibinux 
ynacTKOB /THK (120-140 n.H.), reTeporeHHbix no nocjieflOBaTejibHOCTH. Ohii 
BCT penaiOTca Me>Kay ynacTicaMH /(HK ^jihhoh okojio 50 T.n.H., n p ea c Ta bh ai o hi h x 
co6oh, BepoaTHO neTJin ochobhoh Maccbi xpOMaTHHa (pnc. 69). (PyrncpHOHajibHoe 
3iiaHenne BTOpoii rpynnbi sthx kopotkhx ynacTKOB /(HK MO>KeT saKaionaTBCH b tom, 
hto ohii accomiiipoBanbi c SejixaMH, jioxamHMH b cepaueBiniax po3eTKono,ao6nBix 
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CTpyKTyp xpOMaTHHa hjih b ocHOBaHHH pa3BepHyTBix neTeab ,ZI,HR xpOMaTHHa npn 
ero aKTHBamni. 

Cxo^Htie pe3ynBTaTBi 6bijih nojiynenbi Ha mho nix oSteKTax. Bbijio o6Hapy>KeHO, 
hto 30HBI (panoHBi) c Bain Banna ^HK c MaTpHKCOM (MAR - matrix attachment 
regions hjih SAR - scaffold attachment regions) coaep/KaT npn6jiH3HTejibHO 200 n.H. 
n pacnojiaraiOTca flpyr ot Apyra Ha paccTOHHHii 5-112 T.n.H. Y ,gp030(J)HJiBi Ha a,npo 
npnxonnTca no KpaHHeii Mepe 1 0 000 Taxnx MAR (hjih SAR) oOnacTeii. 

MecTa pacnoao'/Kemia n o cji eao Bareii b n o ctc ii SAR (MAR) onenb cxo^hbi hjih 
aa>xe nnenTnnnbi c MecTaMH c Ba in Banna JfHR c TonoH30Mepa3oii II, KOTopaa nrpaeT 
ocHOBHyK) CTpyKTypHyro h (JjepMeHTaTHBHyio pojib b o6pa30BaHHH neTejib 
xpOMaTHHa. Eojiee Toro oann H3 Ocjikob MaTpHKca («CK3(|K|)OJiaa») MHTOTHnecKHx 
xpOMOCOM, SejiOK Scl OKa3anca npocTO TonoH30Mepa3oii II. C noMombto 
HMMyHO(J)Jiyopecu,eHH,HH 6biJio noica3aHO, hto Ha HHTep(jia3HBix xpOMOCOMax Scl 
jiOKajiH3yeTca b ocHOBaHHH neTejib /(HR. 

npH H3yneHHH kuhcthkh rnapoanaa bhobb CHHTe3HpoBaHHoii /(HR HyKJiea3aMH 
6biJio o6Hapy>KeHO, hto anepnbin MaTpHKC CBaaan c penmiKannen /(HR. Bbijio 
o6Hapy>KeHO, hto oojibiuaa hbctb /(HR, coaep'/Kauiaa paanoaKTHBiiyio MeTKy, 
CBH3aHa C MaTpHKCOM: CBBime 70% HOBOCHHTe3HpOBaHHOH /(HR 6bIJIO JIOKaJIH30BaHO 
b 30He BHyTpeHHero a^epHoro MaTpmcca. 3to HaOjiio^eHne ^aBano ocHOBaHne 
CHHTaTB, HTO Ha HflepHOM MaTpHKC e npOHCXOflHT HHHu,iiau,Ha h coOcTBenno 
penmiKanna /(HR. OpaRpna /(HR, acconnnpoBannaa c aaepnbiM MaTpHKCOM, 
OKa3anacB oooramennon penjiHKaTHBHBiMH BHjncaMH. B cocTaBe aaepnoro MaTpHKca 
o6Hapy>KeHa /(HR-nojiHMepa3a a, ochobhoh (jiepMeHT penjiHKau,HH /(HR. KpOMe 
Hero c a^epHBiM MaTpHKCOM CBaaanbi h apyrne cjiepMenTbi penjiHKaTHBHoro 
KOMnjieKca (penjincoMBi): /(HR-ripanivia3a, /(HR-jiHra3a, /(HR-TonoH30Mepa3a II. 
BBiCKa3aHa rnnoTe3a o tom, hto penmiKanna /(HR ocymecTBJiaeTca TaKHM o6pa30M, 
hto neTJin /(HR KaK 6bi npOTarHBaiOTca nepea 3aKpenjieHHBie b MaTpHKce 
penjiHKaii,HOHHBie KOMnjieKCBi (pnc. 70). Bbijio oonapy>Keno, hto ynacTKn nanajia 
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penjiHKau,HH ^HK pacnoaaraiOTca b6jih3h (hjih coBna/jaiOT c hhmh) ynacTKOB 
nocTO^HHoro npnKpenaemia ^HK k aaepnoiviy MaTpHKcy. 

B cocTaB aaepnoro MaTpHKca bxoaht okojio 1% PHK, BKaionaiomeH b ceoa KaK 
reTeporeHHyK) bbico ko m oa e Kya a p n y io PHK, Tax h pnoocoivinyio PHK, h PHK 
aaepiibix Maabix PHn. Ha B03M0>KH0CTb cbm3h aaeMeHTOB MaTpHKca c npoueccaiviM 
TpaHCKpHnpHH yKa3biBaaH namibie o tom, hto npH kopotkom MenemiM MaTpHKC 
oSoramaaca 6biCTpo mchchhoh reTeporeHHOH PHK. Ebuio oSHapyaceHO, hto b cocTaB 
SejiKOB BHyTpeHHero aaepnoro MaTpHKca bxohht PHK-nonHMepa3a II, 
OTBeTCTBeHHan 3a CHHTC3 HH(f)OpMaH,HOHHbIX PHK. C HflepHbIM MaTpHKCOM KJieTOK 
anpeBoaoB xyp OKa3anacb CBa3aHHOH 6oabmaa nacTb (95%) HOBOCHHTe3HpOBaHHbix 
npe-MPHK OBaabSyMHHa h npe-pPHK. 3th HaSaioaeHHa npHBejiH k 3aKJiK)HeHHK), 

HTO HflepHblH MaTpHKC MO'/KCT BbinOHIIHTb CTpyKTypHyK) pOJIb B CHHTC3C, 
npopeccHHre h TpaHcnopTe PHK b aape. 

C aaepHbiM MaTpHKCOM CBH3aHbi coSctbchho TpaHCKpH6HpyK)IHHeCa reHbl. 
TpaHCKpHnpHOHHbie KOMnjieKCbi 3aKpenjieHbi Ha aaepnoM MaTpmcce, a caMa 
TpaHCKpHnu,HH ocymecTBaaeTca oaHOBpeMeHHO c nepeMemeHHeM MaTpHHHOH ^HK 
OTHOCHTejibHO 3aKpenjieHHbix TpancKpunmiomibix KOMnjieKCOB, coaepacamHx PHK- 
nojiHMepa3y II. KpOMe tPHK h ee npeaniecTBeHHHKOB b cocTaBe aaepHoro 
oeaKOBoro MaTpHKca o6napy>KHBaiOTca Majibie aaepiibie pHOonyKaeonpoTenabi (mm 
PHn), KOTOpbie ynacTByKDT b co3peBaHHH HH(j)opMau,HOHHbix PHK, b npopecce 
cnjiaiiCHHra (cm. HHace). 3th PHK-coaepacamHe HacTHpbi, HHoraa Ha3biBaeMbie 
cnjiancocoMaMH, coSpaHbi b rpynnbi hjih KJiacTepbi, CBM3aHHbie c SeaKaMH 
aaepHoro MaTpHKca. 

3jieMeHTbi aaepnoro MaTpHKca MoryT npaivio ynacTBOBaTb b peryaannn 
TpaHCKpHnu,HH. TaK ynacTKH MAR o6bihho CBaianbi c TaKHMH peryaaTOpHbiMH 
nocaeflOBaTeabHOCTMMH Ha ^HK KaK 3HxaHcepbi h caiiaeHcepbi, onpeaeaaiomHMH 
HHTeHCHBHOCTb TpaHCKpHnu,HOHHbix npopeccoB. Ha aaepHOM MaTpHKC e 

aoKaaH30BaHbi oea k n - pe ne nTO p bi ana paaa CTeponanbix ropMOHOB. 
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OTHOCHTeJIBHO CBH3H ^HK C 3JieMeHTaMH HflepHOTO METHKCa Ha cero^Ha 
CJI05KHJIHCB npeaCTaBHeiHUI O TOM, HTO 3Ta CBH3B MO'/KCT OTpaacaTB pa3JIHHHBie 
(J)yHKu,HOHajiBHBie ocooennocTM. Tax cbhib ^HK c jiaMHHoi! MO>KeT OTpaacaTB 
CTpyKiypHyK), nocToannyio accopHapmo ^HK, a cbh3b c BHyrpeHHHMH 3JieMeHTaMH 
- c{)yHKu,HOHajiBHyK), CBasannyio KaK c cmiTesoM ^HK, TaK h PHK, 

IIoBefleHHe SejiKOB imepHoro MaTpHKca bo BpeMa MHT03a royneHO eme ^ajiexo 
HeflOCTaTOHHO. O cyzp>6e jibmhhbi npn MHT03e y>xe 6bijio CKa3aHo: ee KOMnoneiiTBi 
paiSnpaiOTca, HacTnnno nepexoaa b u,HTonjia3My, HacTnnno (jiaMHH B) ocTaBaacB b 
CBH3H C MeMSpaHaMH. OTHOCHTeJIBHO KOMnOHCHTOB BHyTpHaflepHOTO MaTpHKca 
CBe,neHHH MeHBHie: h3bcctho, hto nacTB sthx SejiKOB bxoaht b cocTaB MaTpHKca 
(«CK3(j)(j)OJiaa») MHTOTHHeCKHX XpOMOCOM. 

HeTBepTBIM - XpOMOHeMHBIH ypOBeHb VnaKOBKH XpOMaTHHa 
Hccjieaya CTpyKTypHyK) oprammiiHio XpOMaTHHa h xpomocom mo>kho 
onpeflejieHHO tobophtb o hcckojibkhx ypOBHax KOMnaKTH3au,HH ^HK. IlepBBiH - 
HyKJieocoMHBiii, ^aKDHiHH 7-KpaTHoe ynjiOTHeHHe /THK b cocTaBe (jiHOpHJiJi /T^HTT, 
BTOpOH - 30 H.M. (J)H6pHJIJia HJ1H HyKJieOMepHBIH ypOBeHB c40— 70-KpaTHOH 
CTeneHBK) ynaKOBKH, TpeTHH - ^OMeHHO-neTJieBOH Kiln XpOMOMepHBIH npHB0fl3IHIHH 
k 600-700-KpaTHOMy ynjiOTHeHHK) /THK b cocTaBe sthx CTpyKTyp. 
noflflep>KaHH3i nepBBix flByx ypOBHeii KOMnaKTH3au,HH 6bijio ^ocTaTOHHO ynacTHe 
TOJIBKO THCTOHOBBIX SeJIKOB, TOT/ja KaK neTJieBBie H p03eTK0-n0fl06HBie ^OMeHHBie 
CTpyKTypBi y>Ke TpeSoBajiH ynacTna hcthctohobbix dcjikob, h nepexoaa ot 
cnnpajiBHoro hjih coaenonanoro Tuna yKJiaflKH ^HK k o6pa30BaHHK) KOMnaKTHBix 
raooyaapiiBix CTpyKTyp, coctohihmx h3 neTenB xpOMaTHHOBBix 30-hm cjwopnjui, k 
CTpyKTypaM rana xpoMOMepoB, HMeiomHx yace pa3Mep&i 0,1 -0,2 mkm. 

OflHaKO eme b KJiaccHnecxHx paSoTax h,htojiotob Hanajia XX Bexa xax b 
HHT ep(J)a3HBIX tfflpax, Tax H, OCOSeHHO, B MHTOTHHe CKHX XpOMOCOMaX OnHCBIBaaHCB 
HHTnaTBie CTpyKTypBi - xpoMOHeMbi, HMeiomne Ton m nny 0,1 -0,2 mkm. Hx 
yaaBaaocB naoaioaaTB xax Ha (JiHKCHpOBaHHBix oOBexrax, Tax h b jkhbbix KjieTKax. 
rToapooiibie ncc;ie,TO Banna yjiBTpacTpyKTypBi mhtothhcckhx xpomocom Ha pa3HBix 
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3Tanax MHT03a c noMomtio saexTpOHHOH MHxpocxonini noaHOCTbio noaTBepanao 
HanHHHe 3Toro neTBepToro ypoBiia xoMnaxTH3aii,HH xpoMaTHiia (pnc. 71). 

IIpH H3y L iennH ya bt pacT py KTy p n bi x ochob CTpoemni m h t o t h h e c k h x xpomcom 
neoSxoaHMO ymiTbiBaTb xpoMOHeMHbiH ypoBeHb xoMnaxTH3aii,HH xpoMaTHiia. 
XpOMOHeMy - iiHTHaTyio xpoMaTHiiOByio CTpyxaypy co cpeaneil ToaminiOH 0,1 -0,2 
mkm yaaeTca npocaeaHTb b ecTecTBeHHbix ycaoBHax Ha pa3Hbix CTaanax HanaabHOH 
KOH^eHCapHH XpOMOCOM B npO(f)a3e MHT03a H npH #eKOH/ieHCaH,HH XpOMOCOM B 
Teaocfiaae. npnneM Taxne xpOMOHeMbi BbiaBaaiOTca kbk b xaeTxax pacTeHHH, Tax h 
5XHBOTHBIX (pHC. 72, 73). 

ll3yHenne npo(J)a3Hbix xpomocom xax jxhbothbix, Tax h pacTeHHH noxa3biBaeT, hto 
npouecc KOHaencamni xpOMOCOMHoro MaTepnaaa BKaionaeT b ce6a npoMOxyroH hbih 
3Tan - o6pa30BaHHe H3 (jaiopMaa /)HTT iniTHaTbix xpOMOHeMHbix CTpyxTyp, 
aBaaiomHxca eannimeH nocneayiomeM xpOMOCOMHOH CTpyxTyproapHH. 

B ecTecTBeHHbix ycaoBHax b cocTaBe MeTa(J)a3Hbix xpomocom xpOMOHeMHbie 
3aeMeiiTbi Ha yjibTpaTOHXHx cpe3ax He bbihbhihotch. Ho no Mepe neKonaencamni 
MHTOTHnecxHx xpomocom b no3aHeH aHa(Jia3e h paHHeii Teao(J)a3e CHOBa mojxho 
BH^eTb npH3Haxn xpOMOHeMHOH opraHH3au,HH xpomocom. B no3flHeii aHa(|)a3e, xoraa 
xpOMOCOMbi aocTiiraiOT npoTHBonojio>xHbix noaiocoB xaeTXH, b hx CTpyxType CHOBa 
BbiHBaaiOTCx xpOMaTHHOBbie HHTnaTbie oopaaoBanna c ToamunoH 0,2 mxm. npH 3tom 
bch CTpyxTypa xpomocom pa3pbixaaeTca, hto OTpaacaeT nawaao oOuieil 
flexoH^eHcau,Hii MHTOTHnecxHx xpomocom. 3Ta HanajibHaa CTaana aeKOHaeHcapHii 
CBH3aHa He c pa3pbixjieHHeM (JinOpHaa /)Hn BHyTpH xpOMOHeM, a c pacxoacaeHHeM, 
o6oco6neHHeM ynacTxoB xpOMOHeMbi apyr ot apyra. OcoSenno 3aMeTHbiM h 
BbipaaceHHbiM 3tot npopecc CTaHOBHTca b Teao(J)a3e. B 3to BpeMH xpOMOCOMbi 
HaHIIHaKDT y B6H H L I H BaTBCH B oObCMC, npH 3TOM paCCTOflHHe MOXay OTaeabHblMII 
ynacTxaMH xpOMOHeMbi Taxace B03pacTaeT. B pacnoaoaceHini OTaeabiibix HHTeii 
xpOMOHeMbi, Tax ace xax h b npotfiaanbix xpOMOCOMax, yaaBHMBaiOTca npH3Haxn 
enHpanbHOCTH b hx yxaaaxe: aacTO Biianbi xoabaaTbie hjih neTancTbie He3aMXHyTbie 
ynacTXH, inioraa pac n on a raio lhii e c a napaaaeabHO apyr apyry. CmipaabHOCTb 
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xpOMOHeMM b cocTaBe MHTOTHHecKHx xpOMOCOM yaaeTCH naSaioaaTb b pane caynaeB 
nptl HaCTHHHOH HCKyCCTBeHHOH /jeKOH^eHCapiIH BblfleJieHHBIX MHTOTHHeCXHX 
xpOMOCOM (pHC. 74). B no3flHeii Teao(j)a3e xpOMOCOMBi yace nonHOCTbio oxpyaceHBi 
aaepnoH oSohohxoh. XpOMOHeMHBie 3JieMeHTBi pacxoaaTca Ha anawHTeabnbie 
paccToamni, ho Bee ace 30Hbi OTaeatHBix xpOMOCOM eme BBiaBaaiOTCfl. B 3to BpeMa 
HeKOTOpbie ynacTKH xpOMOHeM naHiniaiOT paapbixaaTbca, hx Toaunina B3pacTaeT. 
TaKHM o6pa30M, naSaioaaa 3a cocToanneM CTpyKTypBi h pacnoaoacenneM 
xpOMOHeMHBix y L iacTKOB b aa pax h xpOMOCOMax b Tejiocj)a3e, MoacHO bh^ctb KapTHHy, 
oSpaTiiyio toh, hto naOaionaaacb b npocjiaae: pa3pbixneHHe xpOMOCOM 3a chct 
nepBOHanajiBHoro pacxoacaeHHa ynacTXOB xpOMOHeMbi h nocaeayiomero hx 
paspbixaeiiHH, neKOHaencamni caMHx xpOMOHeM. 

Ya BTpacTpy KTy pnaa opranHsaunH xpOMOHeMHoro ypoBiia ynaxoBXH /JHII xoporno 
BbiaBaaeTca npn nocTeneHHOM 3KcnepHMeHTajiBHOM pa3pt>ixaeHHH xpOMOCOM npn 
noHHaceHHii ko Hu,eHTp au,HH aByxBaaeiiTiibix KaTHOHOB. Oxa3aaocb, hto naoTiioe Teao 
MHTOTHHeCKHX XpOMOCOM CHaHaaa pa3pbIXaHCTCH Tax, HTO BBIflBHfleTCfl ero 
xpOMOHeMHaa oprammpHa: Ha cpe3ax bhttho, hto xpOMOCOMBi npeacTaBaeHbi 
CeneHHHMH TOaCTBIX (0, 1-0,2 MKM) XpOMOCOMHBIX HHTeH, XpOMOHeM (pHC. 73). 
3aTeM, npn nocaeayiouieM chhjkchhh KOimeiiTpamni aByxBaaeiiTiibix xaraoHOB, 
nponcxoaHT xax 6bi pacnaa xpOMOHeMHBix aaeMeiiTOB Ha Miio>xecTBO anneHiio 
pacnoao'/xemibix raoOyaapiibix SaoxoB xpOMaTHHa c anaMCTpoM oxoao 0,1 -0,2 mxm. 
B aaabneHUjeM 3th 6aoxn (xpOMOMepti) na L nniaiOT aeKonaencupoBaTbca: Ha hx 
nepH(J)epHH bhhhbt neTan (])H6pHaa /)HTT, a b pempe ocTaeTca Teao xpOMOMepa. 
Bo3HHxaeT poaeTxonoaoSnaa CTpyxTypa. BaacHO otmcthtb, hto pacnoaoacemie 30H c 
poseTKO n oao 6 1 1 bi m H xpOMOMepaMH coBnaaaeT c pucyiiKOM G-63iiaHpoBaiiHH 
xpOMOCOM. ITo Mepe aaabneHuieH aeKonaencamni neTaH yBeanHUBaiOTca b aaHiiy, a 
peHTpaatHbie ynacTXH xpOMOMepOB nporpeccHBHO yMeHtmaiOTCfl. npn noaHOH 
aexoHaeHcapHii Bee Teao xpOMOCOMBi npeacTaBaeHO Ha cpe3ax paBHOMepHO 
pacnoao'/xemibiM (f)HopHaaaMH /)HTT. 
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Ha/IO OTMCTHTb, HTO B COBpeMeHHBIX MOneKynflpHO OHOaOnmeCKHX 
HCCJie^OBaHHaX CTpOeHHa XpOMOCOM XpOMOHeMHBIH ypOBeHB, KaK OflHH H3 BbICHIHX 
ypOBHefi ynaKOBKH /THH, coBepmeHHO BbinaaaeT H3 nona 3peHHa HceneaoBaTeneH. 
JIhihb b nocae^Hee BpeMa HeKOTOpbie HceneaoBaTenH Ha ocHOBaHHH kocbchhbix 
^ aHHBix npuxonaT k BbiBonaM o naan huh b HHTep(J)a3HBix anpax xpOMOHeMO- 
noaooiibix CTpyKTyp. 

Eiaea 7. Q6maH opraHinamiH MHTOTHHecKHx xpoMocoM 

HHTeHCHBHoe H3yHemie yn bT pacT py KTy p bi xpoMocoM nanaaocb b cepeamie 50-x 
rr., hto 6biao CBa3aHO c BHeapeHHeM b u,HToaorHio Meroaa aneKTpOHHOH 
MHKpOCKOnHH. OniiaKO BKaaa 3aeKTpOHHOH MHKpCKOnHH B H3yHenne CTpyKTypbl 
HHTep(J)a3HbIX H MHTOTHHeCKHX XpOMOCOM OKa3aaCH HeH3MepHMO HHace TOTO, HTO nan 
3tot MCToa ana H3yneHHa CTpyKTypbl u,HTonaa3Mbi. Harnn npeacTaBneiiiia o 
CTpyKTypHoii opraHH3au,HH aaace aneMeiiTapiibix KOMnoneiiTOB aapa h o CTpyKType 
xpoMocoM one n b CKyaiibi h npoTHBOpeHHBbi. Pa3pbiB Meacay ycnexaMH b 
SHOXHMHHeCKOM H3yHeHHH npOH,eCCOB 6HOCHHTe3a ^HK H PHK, C OaHOH CTOpOHBI, H 
Hpe3BbiHaiiHO MeaaeHHbiM nporpeccoM b HecneaoBaHHH tohkoh opraHH3au,HH 
KaeTOHHoro aapa - c apyroii, oSbacHaeTca mhothmh npHHHHaMH. OaHa H3 ochobhbix 
npHHHH Ta, hto coBpeMeHHbie MeToati He no3BonaiOT H3ynaTb aapo h xpomocomm b 
peaocTHOH coBOKynHOCTH cocTaBaaKDHjHx hx aaeMeHTOB. XpOMOCOMa OKa3aaacb 
canniKOM Maaa aaa aeTaabHoro aHanH3a c noMombio cbctoboto MHKpocKona h 
canniKOM BeaHKa h naoTHa ana iiayHeiiiia b aaeKTpOHHOM MHKpocKone. Ha 
BbiaeaeHHbix xpOMOCOMax b aaeKTpOHHOM MHKpocKone He yaaeTca BbiaBiiTb Bee 
aeTann H3-3a HaaoaceHHH npoeKu,HH pa3Hbix ypOBHeii h MoacHO HaSnioaaTb annib 
xapaKTep (j)opMbi nan ace TOHKyio CTpyKTypy b orpainiHemibix ynacTKax. 
HccneaoBaHHe yabTpaTOHKHx cpe30B xpoMocoM orpammiiBaeTca xapaicrepHCTHKOH 
OTaeabHbi aaeMeHTOB 6e3 B03M0acH0CTH noayHHTb oSbeMHoe npeacTaBaeHHe o Been 
CTpyKType. 3to nponcxoaHT H3-3a toto, hto6bi b aaHHOM caynae mbi MoaceM 
HceaeaoBaTb annib naocKHe ceHeHHa, cocTaBnaiomHe ToabKO 0,05-0,025 nacTb 
o6mero oobexia aapa. Tax ktik ana aapa h xpomocom xapaKTepHO npeoonanaiiMe 


148 



TOHKHX H flJIHHHBIX CnyTcliniblX (J)H6pHHHapHBIX CTpyKTyp, KOTOpLie Ha yjIBTpaTOHKHX 
cpe3ax 6yayr hmctb BHa 6ecnopaaowno pa36pocaHHBix kopotkhx OTpe3KOB, to no 
TaKHM cenennaM BOCCOsaaTB TpexMepHyio KapTHHy BiaMMOCBaiM tthx saeivienTOB 
apyr c apyroM npaxTHHecxn hcbo3mo>kho. 

npH H3yneHini yjiBTp acTpyKTypBi xpomocom iiccaeaoBaTenH ct an k h bbiot ch c 
napa/iOKcajiBHOH CMTyamieM: hcm Snnnce noaxoaHivi k bbichiiim CTpyKiypHBiM 
ypOBHaM opraHH3aii,HH xpomocom, TeM MeHBHien no oSneMy n 6onee hh3xoh no 
Haae>KHOCTH CTanoBUTca Hn(j)opMamiH 06 3toh BancHenmeH xneTOHHOH CTpyKType 
(pnc. 75). 

^encTBHTejiBHO, nonyneHa nonHaa HH(J)opMan,na o reHeTnnecKOM xoae nenoBexa, 
xopouio H3yneH HyxneocoMHBiH ypoBeHB KOMnaKTH3au,nii /)HK, onpeaenen o6nnin 
nemeBOH noivieniiBiM xapaxTep aanBHenmen yxnaaxn /)HK, rionTBep'/xnaiOTca 
npeacTaBaeHna o xpOMOHeMHOM ypOBHe, ho Bee ace, Ha ceroaHa mbi ao xomia He 
3HaeM Kax nocTpoeHa MHTOTHne cxaa xpOMOCOMa (pnc. 76). 

TpyaHOCTH inyweiiHa xpomocom CBa3aHBi KpOMe Bcero nponero, hto 3to ohciib 
naSnaBHaa CTpyxTypa, nerKO MeHaiomaa cbokd MOpcjDonormo b 3aBHCHMOCTH ot 
ycaoBHH 3KcnepHMeHTa. 

Tax oSpamaeT Ha ce6a BHHMaHne cbohctbo MHTOTHnecxHx xpomocom oSpaTHMO 
H3MeHaTB cboh o 6 bcm npH H3MeHeHHH hohhoto OKpyaceHHa. Kax yace yxa3BiBaaocB, 
npHMeHeHHe ran otohhh e cxhx pacTBOpOB npHBoanT x naSyxainno xpomocom, ho npH 
B03BpameHHH HX B H30T0HHHeCXHe yCHOBHa, OHIi BHOBB npH 06 peTaK)T HCXOaHyiO 
MOpcjDonoraio. H 3 stoto caeayeT, hto cyuiecTByeT xaxon-TO MexaHH3M, 
c t a 6 h a H3 h p y i o hi n h o6myio opraHH3au,Hio xpomocombi. B xpOMOCOMe cyuiecTByeT 
xaxon-TO CTpyxTypHBiH nopaaox, aaropHTM B3aHMoaeiiCTBHa xomhohchtob, xoTOpBin 
HHBapnaHTHO npHBoanT HHTep <J) a3Hyio paBBepnyryio, aeKonaencupoBannyio 
xpOMOCOMy b cocToaHne naoTHoro Teaa ( m htothh e c xaa xpOMOCOMa), He Meimomero 
HH CBOeil TOaHIHHBI, HII aHHIIBI, HH OCOSeHHOCTeH CTpyXTypBI B 6e CHHCaeHHOM paay 
xaeTOHHBix noxoaeHHH. 
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Kaic yace tobophhocb, .naa inyHenna yaBTpacTpyKTypBi xpomocom uinpoKO 
npiiMenaeTca mctoh nonynemM penBix BBiaeaemiBix m h tot h h e c k h x xpomocom. Ha 
TaKHx npenapaTax bh^ho, hto b cocTaB xpomocom BxonaT 25-30 hm saeMeHTapHBie 
(J)h6phjijibi. Oanaxo yaoBHTB xapaKTep hx yKJia^KH, KaKOM-anoo nopaaox b hx 
pacnoaoaceHHH He yzjaeTca. Xpomocombi b stom caynae hmoot bh,h Tea, coctohihhx 
Kax 6bi H3 nepenyTaHHBix MinioaiOLinixca cjiMopnaa, nan, no o6pa3HOMy BBipaaceHHio 
oanoro H3 mrroaoroB, nanoMiinaiOT pe3yaBTaT aBapnn Ha MaxapOHHOH (jiaSpHice. 

Ha npenapaTax tbkhx BBiaeaemibix n pacnaacTaHHBix xpomocom HeT peaaBHon 
bo3mo>khocth bbihchhtb, H3 KaKoro nncaa HHTen coctoht xpOMOCOMa, TeM 6oaee 
npocae^HTB nyTB n nopa,noK yKaa^xn o^hoh hhth ot Hanaaa #0 KOHpa, ecan 6bi OHa 
Sniaa ochoboh xpomocombi. Boaee toto, npopecc BBmeaeHHa xpomocom npnBOflHT k 
H3MeHeHHK) HX CTpyKTypBI. JleTKO BHfleTB B CBeTOBOM MHKpOCKOne, HTO nepeHOC 
acHBBix ^eaaninxca KaeTOK b rnnoTOHnnecKne pacTBOpBi npnBOflHT k pe3KOMy 
HaSyxamno nx xpomocom. Xpomocombi npn 3tom naoxo pa3annnMBi, ohh 
yBeannnBaKDTca b oSneMe, CTaHOBaTca MeHee onTnnecKH naoTHBiMH. B peaoM 
MHTOTnnecKne xpomocombi b 3thx ycaoBHax BeayT ceoa Tax ace, xax npenapaTBi 
BBiaeaeniioro xpOMaTHHa, - Ha6yxaK)T, nepexoaaT b MeHee KonaenciipoBannoe 
cocToaHne. Taxoe B03fleiiCTBHe Ha hhx rnnoTOHnnecKOH cpe^Bi npHBOflHT k noTepe 
Cy6CTpyKTypH3aU,HH XpOMOCOMBI. 

OanaKO Ha to, hto Taxaa cy6cTpyKTypH3au,Ha cymecTByeT, TOBOpHT Macca (J)aKTOB 
He TOHBKO 3aeKTpOHHOMHKpOCKOnHHeCKHX, HO H nOayneHHBIX C nOMOIHBK) CBeTOBOTO 
MHKpocKona. Bca eoBOxynHOCTB MOpcjioaorHHecKHx h 6hoxhmhh6Ckhx ^aHHBix 
floaacHa 6bitb yHTena npn BOCCoaaannH TpexMepHOH opraHH3au,HH miitothhcckiix 
XpOMOCOM. 

B 70-x ro^ax ynaaocB yaoBHTB o6ihhh npHHu,nn CTpyKTypHOH opraHH3au,HH 
MHTOTHHeCKOH XpOMOCOMBI. 

Bniao oSHapyaceHO, hto xpomocombi He TepaiOT CBoeii MOpcjioaorHHecKOH 
u,eaocTHOCTH, He pacna/iaiOTca ^aace npn pe3KOM HaSyxaHHH, BBi3BaHHOM yaaaeHHeM 
Bcex THCTOHOB. 3 t 0 ^OCTHTaeTCH o 6 pa 60 TKOH BBIfleaeHHBIX XpOMOCOM paCTBOpaMH 
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nonHaHHOHOB, neKCTpancyn BifiaTa h renapHHa. B stom cjiynae xpomocombi nacmnBKO 
AeKOH^eHCHpyKDTca, hto nepecTaiOT 6bitb bh^hbi b (j)a30B0-K0HTpacTH0M 
MHKpocKone. IlpH nooaBJienini >Ke (JmyopoxpOMa, CBaiBiBaiomeroca c /)HK (3TM,TnyM 
SpOMHfl), 6bIJ10 BHflHO, HTO CHJIBHO HaOyXIHHC XpOMOCOMBI He pa3BaJ!HBaJIHCB, a 
3HaHHTeJlBHO (fl O 4 pa3) yBeJIHHHBaJIHCB B flJIHHy H UIHpHHy. TaKHe CHJ1BHO 
naoyxuine, jiHHieHHBie thctohob xpomocombi noMemanH Ha noflJio>KKy h 
paCCMaTpHBaJlH B 3JICKTpOHHBIH MHKpOCKOn. 

Oica3ajiocB, hto Ha6yxuiHe xpomocombi coctoht h3 HByx KOMnoneiiTOB: H3 pbixjioh 
CeTH nJlOTHBIX (jmOpHJIJI B U,eHTpaJIBHBIX ynaCTKaX (xpOMOCOMHBIH OCTOB - 
CK3(J)(J)Onfl), nOBTOpaiOHIHX KOHTypBI MeTa(|)a3HBIX XpOMOCOM (oCeBBie KOMnOHeHTBl), 
h H3 MHoroHHCJieHHBix ^jiHHHBix tohkhx neTejiB, OTxoflauiHx ot hhx b nonepemiOM 
HanpaBJieHHH (pnc. 77). Enina noKa3aHa SejiKOBaa npnpo/ia oceBBix komhohchtob h 
7)HK b cocTaBe neTejiB. CpezniMM pa3Mep ookobbix neTenB cocTaBjnra okoho 30 mkm. 
Ecjih TaKHe npenapaTBi o6pa6oTaTB ))HKa30H, to mojkho nojiyHHTB SejiKOBBie 
OCTOBBI H aHaJIH3HpOBaTB HX COCTaB. OKa3aJIOCB, HTO B HHX npHCyTCTByeT OKOJIO 20 
SejiKOB HerncTOHOBOH npupoHBi, cxo^HBix c SejiKaMH aaepnoro MaTpHKca. Hcxona H3 
3toto, SbiJia npean 0/Ken a mohchb CTpyKTypHOH opraHH3au,HH m htot h wee k h x 
xpOMOCOM. B ee ochobc jiokht npimpun nonepenHoro pacnojio>KeHmi neTejiB /)HK 
BflOJIB SeJIKOBOH OCeBOH CTpyKTypBI . B npHHH,Hn 3TOT THn OpraHH3aH,HH 
MHTOTHHecKOH xpomocombi ohchb HanoMHHaeT xpomocombi Tima «JiaMnOBBIX 
meTOK», BCTpenaiomHxcH b npopecce Meno3a. 

IleTJieBoe pacnojionceHHe /)HK b^ojib xpomocombi nojiymuio b ^ajiBHeiimeM 
pejiBiii pan riOHTBep'/KaenHH. On nano npn pa3HBix enocoSax nenpoTeiniMiamni 
KpOMe neTenB b nepHifiepHH naOyxiHMx xpOMOCOM mo>kho 6bijio bbihbhtb h 
poieTKonoaoOiibie CTpyKTypBI, eocToauiiie H3 /THK. 

B nocneanee BpeMii nonyneHBi namibie, roBopaume o tom, hto oceBBie CTpyKTypBI 
MoryT npeacTaBHHTB co6oh apTCifiaKT, n oh y l i h b hi ii ii e h b pe3yjiBTaTe MOiiTanca h 
BBicymHBaHHH ^erHCTOHiOHpOBaHHBix xpOMOCOM Ha noflJiOHCKe. Ha caMOM >xe ^ejie b 
Tene xpomocombi cymecTByiOT hcthctohobbic SejiKOBBie cbh3kh (cKpenKii), 
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CLuiiBaiOLiuie ocnoBanna Sokobbix neTean ^HK, ho 3th cbh3kh pa36pocaHHBie pBixno 
no oSneMy xpomocombi (pnc. 78). Kaic 6bi to hh 6bijio, npiiHiinn neTJieBOH 
nonepennon yxaaaKH /)HK b Teae xpOMO combi ohciib Ba>Ken ana noun Manna ee 
o6meii ya bt p acT py KTy p n o n opraHH3au,iin. 

HeoSxoanMO noanepKnyTB, hto Ha nonepennbix h npoaoabnbix cenennax 
MHTOTHHeCKHX XpOMOCOM, (JtHKCHpOBaHHBIX B HaTHBHOM COCTOaHHH BHyTpH KaeTOK 
HHKaxHx neiiTpaabiiBix nan oceBBix naeMeiiTOB He oonapyaceno. Ohh BBiaBaaiOTca 
ToaBKO nocae yaaaenna H3 BBiaeaemiBix xpomocom Bcero na6opa tiictohob, He My 
npeauiecTByeT H3oaau,Ha xpomocom b rnnoTonnnecKon cpeae. 

Ha ocHOBaHHH 3thx HaSaioaeHHH HiHpOKoe pacnpocTpaHeHiie Harnaa 
xpiiCTOMaTHHHaa cxeMa, oSBacnaiomaa o6myio CTpyxiypy mhtothhcckoh 
xpOMO combi (pnc. 79). no 3toh cxeMe nepBBiM ypOBHeM KOMnaKTH3au,HH /THK 
aBaaeTca HyKaeocoMHaa (})H6pHaaa, tohiiihhoh 10 hm, rae BOKpyr o^hoh 
Hyxaeo combi, oSopamiBaeTca 146 n.H. ))HK c K03cj)(J)nnnenT0M KOMnaKTHOCTH 
paBHBiM 6-7 (k.k. 6-7); BTopoii ypOBeHB - 30 hm (j)ii6pHaaa-coaeHOHfl (k.k. 40); 
TpeTHH ypOBeHB - neTaeBOH aoMeH, 60 T.n.H. Ha neTae b 0,2-0, 3 mkm (k.k. 680). 
,H,anee OTpe30K npHMepHO c 18-20 neTaeBBiMH aoMeHaMH o6pa3yiOT BOKpyr oceBoro 
aaeMeHTa xpomocombi oann biitok anaMCTpoM 0,7-0, 8 mkm (Toamima xpoMaTnaBi) c 
K03(|)(J)HU,HeHTOM KOMnaKTH3ai],HH 12 X 10 4 . TaKOH BHTOK H3 neTaeBBIX ZIOMeHOB 
mo'/KCt npeacaaBaaTB co6oh MinniMaabnoro pa3Mepa 6311a, a na6op 113 He CKoaBKHx 
BHTKOB - CpeaHHH 63Ha. 

no apyrHM npeacTaBaeHHaM MoacHO npeanoaoacHTB, hto neTae 7IHK, BBiaBaaeMoii 
Ha xpOMOCOMax, aumeHHBix thctohob, cooTBeTCTByeT xpOMOMep, npoMeacyroHHBiM 
3TanoM aeKonaencannn KOTOporo aBaaeTca po3eTKonoao6Haa CTpyKrypa JJHn. 

Baaoio otmcthtb, hto xpOMOMepHBie ynacTKH /THn BCTpenaiOTca 11 b 
HHTep(|)a3HBix aapax (TaM ohh Ha3BiBaiOTca xpOMO neiiTpaMn). OKa3aaocB, hto 
nopaaoK hx aeKOHaeHcapHH Taxon ace, hto h b MHTOTHHe ckoh xpOMOCOMe: 113 
XpOMOU,eHTpOB B03HHKaiOT p03eTKOnOao6HBie CTpyKTypBI C neTHHMH J\UU no HX 
nepH(J)epHH. 
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HTaK, mo'/Kiio HecKOJibKO hii awe ouenuTb HexoTOpbie 3Tanbi xoMnaxTH3aii,HH /THK, 
koto p Lie npuBoaaT b xomi,e kohu,ob k nocTpoemno nnoTHoro Tea a mutothhcckoh 
XpOMO COMBI (pHC. 80). 

IlepBBiH ypOBeHB - HyxneocoMHbiii - o6pa3yeT CBepxexpymiBaHHe /THK no 
nOBepXHOCTH THCTOHOBOH CepflpeBHHbl. BTOpOH - HyKJieOMepHblH (CBepxSyCHHa), 
me mhct oObeaHiienne 8-10 HyxaeocoM b BHae raoSyabi. Tax xax Bee 3 th ypOBHH 
KOMnaKTH3au,HH npoHCxoaaT Ha orpOMHbix ainieinibix Moaexyaax ))HK, to pan 
c6aH/xemibix HyxneoMepoB n o6pa3yeT 20-30-HaHOMeTpOByio (JmSpHany /1HT1. 
TpeTHH ypOBeHb - xpOMOMepHbin:: neTnH (jmOpHaa /IHIT, oObeamiemibie cxpenxaMH 
H3 HerncTOHOBbix OeaxoB, o6pa3yiOT xoMnaxTHbie Teaa, xoTOpbie npn ncxyccTBeHHon 
aexoHaeHcapnH aaayT po3eTKOBiianbie CTpyxTypbi. Pacnoaoacemie nemeBbix 
aoMenoB, xpOMOMepOB, MoaceT 6 bitb HepaBHOMepHbiM; ynacTxn Tea a m htothh e c ko h 
xpOMO combi, oSorameHHbie hmh, MoryT eooTBeTCTBOBaTb «63HaaM» nan cerMeHTaM 
npn aH(J)(|)epeHu,iiaabHOH oxpacxe xpOMOCOM. HeTBepTbin ypOBeHb - xpOMOHeMHbm: 
cOaH/xemibie b anHeiiHOM nopaaxe xpOMOMepbi o6pa3yiOT ToacTbie (0,1 -0,2 mxm) 
xpOMOCOMHbie HHTHaTbie CTpyxTypbi, xoTOpbie Moamo yace naSaioaaTb n b cbctobom 
MH xpocxone. XapaxTep ynaxoBxn stoh hhth b Teae xpOMaTnabi eme neaocTaTOHiio 
Bbiacnen; B03MoacHa cnupaabiiaa yxaaaxa xpOMOHeMbi, ho He ncxaioaeHO 
o6pa30BaHHe eio h eme oaHoro ypoBiia neTaHCTbix CTpyxTyp. 

Konewno, Taxaa o6maa cxeMa opraHroapini m htothh e c xhx xpomocom o L ienb 
HenoaHO OTpaacaeT ocoOemiocTii CTpoeniin hx cneu,naaH3HpoBaHHbix yaacTxoB 
TaxHx xax aapbinixoBbin opraHH3aTOp, TeaoMepbi h pempoMepbi. 

HacTb III 

flaepHbie TpaHcxpHiiTbi h hx TpaHcnopT 

OaHa H3 BaacHeHiHiix cfiyHXHHH xaeTOHHoro aapa aBaaeTca peanHiamm 
reHeTHaecxoH HH(J)opMau,HH b BHae CHHTe3a peaoro paaa PHK nan cayacamnx 
MaTpupaMH aaa CHHTe3a 6eaxa, nan o6pa3yiomHx annapaT SeaxoBoro CHHTe3a. 
Chiitcb pa3Horo Tima PHK Ha MaTpHpax ,Z1,HK xpOMaTHHa, TpaHCxpunpua, BxmoaaeT 
b ceofl o6pa30BaHiie HecxoabXHx TiinoB PHK, CHHTe3HpyeMbix c noMombio 
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p 33 jihhhbix PHK-nonHMepa3, (JtepMeHTOB cnHTe3HpyK>mnx PHK no canon H3 penen 
MaTpHHHon /1HK. Bcero b ayKapHOTHnecKHx KJieTKax BCTpenaeTca 5 TnnoB PHK (cm. 
Ta6ji. 8). 


TaSnnpa 8. Tnnbi PHK, nx KOJinnecTBO, CTaSnjibHOCTb n (JiepMeHTbi, 
ynacTByiomne b hx cnHTe3e. 


M> 

No 

nn 

Tun 

PHK 

KojinnecT 
BO B % 

% 

CHHTe3HpOBaHHbIX 
MOJieKyn 3a ep 
BpeMeHH 

(PepMeHT 

1 

hPHK 

10 

58 

PHK-nojiHMepa3a 

2 

pPHK 

50-70 

39 

II 

3 

tPHK 

25 


PHK-nojiHMepa3a 

4 

MaPHK 

5 

3 

I 

5 

mhtPHK 

15 


PHK-nojiHMepa3a 

II 

PHK-nojiHMepa3a 

II 


HH(J)opMan,noHHBie PHK, caMBie pa3HOo6pa3HBie no BejinnnHe n no CTpoeHnio 
HyKJieoTHAHBix nocnepoBaTejibHOCTen aBJiaiOTca caMBiMH HecTaSnjibHBiMn no 
BpeMeHH HX 5KH3HH! OHH CHHTe3HpyiOTCa B SoJIbHIOM KOJIHHeCTBe H ObICTpO 
perpapnpyiOT, hto oSecnennBaeT CMeHy (JtyHKpnoHajiBHBix aKTHBHO CTen kjictkh. B 
CBH3H C HX SbICTpOH 3aMCHOH o6mee HHCJIO HX OTHO CHTeJIBHO HeBeJIHKO, 10% OT 
MaccBi Bcex PHK b KJieTKe. 3th hPHK CHHTe3HpyiOTca npn ynacTHH (jiepMeHTa PHK- 
nojiHMepa3Bi II, KOTOpaa mo'/KCt o6pa30BbiBaTb nepBHHiiyio Korano PHK c jhoSoto 
reHa, Koanpyiomero CTpyKTypy SejiKa. ^ajibHeimiee co3peBaHHe tthx nepBimiibix 
TpaHCKpnnTOB, hx 3HanHTejibHoe yKOponeHne h nepecTpoiiKa (cnjraHCHHT - cm. 
HHace) npOHCxopHT c noMonibio ocoSbix pnSonyKJieonpoTenpnbix nacTiiu,, 
coaep'/KauiHx Majibie aaepnbie PHK (mhPHK). 3th mhPHK ciniTeinpyiOTca Taxace c 
noMonibK) 3Toro (jiepMeHTa, hx KOJiHHecTBO b KJieTKe HeBejiHKO (5%), ho ohh 6ojiee 
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CTaSHJiBHM m ^ojiro>KHBymHe. K mhPHK otiiochtch uejiaa reTeporennan rpynna 
PHK, Bxoflamaa b cocTaB MajiBix PHTT-HacTim, TaKHx Kaic SRP, TeaoMepaaa, 
cnnaiicocoMBi h up. (cm. iiH>Ke). Bee ocTajiBHBie KJieTOHHBie PHK neoSxo^HMBi j\jik 
C03flam«i annapaTa SejiKOBoro cnHTe 3 a. PnSocoMHBie PHK CHHTe 3 HpyiOTca c 
noMomBio PHK-nonHMepa 3 &i I, ohh npeacTaBJunoT ocHOBHyK) Maccy kjictohhbix 
PHK H OTHOCHTeJIBHO CTaSHJIBHBI. OflHa H3 pH 60 C 0 MHBIX PHK, 5S PHK, a TaiOKe 20 
TpaHC(j)epHBIX PHK, TO/K 6 CTaSHJIBHBIX, CHHTe3HpyK)TCa C nOMOm&K) PHK- 
nonHMepa 3 Bi III. MHTOxoHflpHajiBHBie PHK cniiTesupyiOTCfl b cbmhx mhtoxohaphux 
H e3aBHCHMO ot cmrre 3 a PHK b impe. 

PeajiH3au,Ha reHeTHnecKOH HH(j)opMau,HH, BBipa^Karomaaca b CHHTe3e 
pa3HOo6pa3HBix MOJieKyn PHK ^oji>KHa 6bitb CBinaHa c n3MeHemieM MOp(j)OJiorHH 
a^epHBix KOMnoHeHTOB. Ha CBeTOonTHnecKOM ypOBHe aKTHBapHu a^epHoii 
TpaHCKpHnpHH Bcer^a CBa3aHa c fleKOHfleHcau,Heii xpOMaTHHa, c yBeaHHemieM 
oSBeMa a^pBimeK, c noBBimeHHeM hx 6a30(J)HJiHH, T.e. c yBejiHneHHeM b hhx 
KOJiHnecTBa PHK. 3th o6mne npH3HaKH yBejniHenmi aaepnoii aKTHBHOCTH Mano hto 
^aK)T a J ia noHHMamni xo^a MOJieKyjuipHBix npoueccoB Ha ypOBHe peajiBHBix 
aaepiiBix KOMnoHeHTOB. Hto nponcxoanT c ynacTicaMH xpOMaTHHa, 3aKaio L iaiouHiMH 
HHflHBH^yajiBHBiH reii, KoanpyiouiiiH onpeaeaeniiBiii 6enoK, naynaTB ohciib TpyzjHO, 
t.k. 3th reHBi b noflaBJiaiomeM SojiBHiHHCTBe cjiynaeB cymecTByiOT b eaHmimiBix 
Konnax h npocjieflHTB b niraiiTCKOM KJiySice ,ae ko nae nc m po Ban n bi x HHTep(|)a3HBix 
XpOMOCOM 3a paSOTOH HHflHBH^yaJIBHOTO reHa Hpe3BBI l iaHIIO TpyaHO (xoth H 
B03M05KH0). 

Othochtcjibho 6ojiee npocTO 3Ty >Ke 3aflaHy mo>kho peniHTB Ha reHax 
MHOTOKpaTHO nOBTOpeHHBIX B TeHOMe, TaKHX KaK reHBI pHOOCOMIIBIX PHK, BXOaflLHHX 
B COCTaB HHTep(J)a3HBIX MflpBIHieK, OCHOBHOH (J)yHKH,HeH KOTOpBIX HBJIHeTCH 
o6pa30BaHHe pnoocoM. Hsynaa yjiBTpacTpyKTypy nap bi lhck h ocooennocTii 
Mop (jiojiorHH CHHTe3a pnSocoMHBix PHK BnepBBie y^ajiocB c noMomBio 
3JieKTpOHHOTO MHKpOCKOna BH3y3JIH3HpOBaTB paooTaionnni reH. 
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Eiaea 8 . fl^pbmiKO - hctohhhk ph6ocom 

BHyTpH HHTep(|)a3HBix aaep KaK npn BHTaabHbix naSaioaennax, Tax h Ha 
(J)HKCHpOBaHHbix h OKpanieHHbix npenapaTax bh3hbi MejiKHe, oObihho mapoBnanbie 
Tejibpa - a^pbiniKH. BnepBbie H 3 pbmiKH 6bijih onncaHM OoHTaHa b 1774 r. B jkhbbix 
KJieTKax ohh BbifleaaKDTca Ha (J)OHe ^H(J)(|)y3HOH opraHH3au,HH xpOMaTHHa H3-3a CBoeii 
CBeTonpejiOMJiaeMOCTH. nocae3Hee cbohctbo CBH3aHO c TeM, hto a^pbiniKH 
aBJiaiOTca nanooaee hjiothbimh CTpyKTypaMH b KJieTKe. -flapbiuiKH o6napy>KHBaiOTca 
npaKTHnecKH bo Bcex an pax ayicapHOTHHecKHx khctok 3 a peaxnM iiCKaiOHenneM. 3to 
roBOpHT 06 o6a3aTejibHOM npHcyTCTBHH 3Toro KOMnoHeHTa b kjictohhom H 3 pe. 

B KJieTOHHOM u,HKJie a^pbiHiKO npHcyTCTByeT b TeneHHe Been HHTep(f)a3bi: b 
npo(J)a3e no Mepe KOMnaKTH3au,HH xpomocom bo BpeMH MHT03a oho nocTeneHHO 
Hcne3aeT, h OTcyTCTByeT b MeTa- h aHa(J)a3e, h bhobb noaBaaeTca b cepe^HHe 
Teno(J)a3bi, hto obi coxpaiiHTbCH BnjiOTb 30 caeayiomero MHT03a, hjih ho rnOean 
KJieTKH. 

,3,0a roe BpeMa (jiyiiKHnonaabnoe aiaHemie aapriuiKa 6biao nenoiniTno. BnaoTb 30 
50- roflOB HCcae^OBaTeaH CHHTaan, hto BemecTBO H 3 pbmiKa npe 3 CTaBaaeT co 6 oh 
CB oero po^a 3anac, KOTopbin Hcnoab3yeTCH h Hcne3aeT b momcht 3 eaeHHa H 3 pa. 

O^HaKO erne b 30-x roaax paaoM uccaeaoBaTeaeH (MaicKaHHTOK, Xchth, 
HaBaniHH) 6 biao noKa3aHO, hto B03HHKH0BeHHe a^pbiHieK CBinaHO TonorpacjiHHecKH 
c onpe 3 eaeHHbiMH 30HaMH Ha ocoSbix, H3pbmiKOo6pa3yiomHx xpOMOCOMax. 3 th 
30HbI SblJIH Ha3BaHbI H^pbHUKOBblMM OpraHH3aTOpaMH, a CaMH HApblHIKH 
npeacTaBHHHHCb kbk CTpyKTypHO e Bbipa/Kemie xpOMOCOMHOH aKTHBHOCTH. Ffosanee 
b 40-x ro^ax, xor^a 6 biao HaH^eHO, hto H 3 pbmiKH co^epacaT PHK, CTajia nomiTHa hx 
« 6a30(j)H3Ha», CpOflCTBO K OCHOBHbIM (meaOHHbIM) KpaCHTeaHM, H3-3a KHC30H 
npupoabi PHK. no aamibiM u h t o x m m m h e c k m x h 6 h o x h m hh e c kh x h c ca eao Ba hhh 
OCHOBH bIM KOMnoHeHTOM H 3 pbmiKa ABJiaeTca 6 eaoic: Ha ero 30310 npHX 03 HTca 30 70- 
80% ot cyxoro Beca. TaKoe 6o3binoe C 03 ep>KanHe 6 eaica h onpeaeaaeT BbicoKyio 
naoTHOCTb 33 pbimeK. KpOMe oeara b cocTaBe aapbiLHKa oonapy/Keiibi 6 bi 3 H 
HyKaenHOBbie khc30tbi: PHK (5-14%) h ^HK (2-12%). 


156 



y>Ke b 50-x ro^ax npn HsyHeinin yjiBTpacTpyKTypBi BflpBimeK b hx cocTaBe 6 bijih 
o6napy>Kenbi rpaHyjiBi, cxomiBie no cbohm CBOHCTBaM c n n to n n a3 m bt m h e c k h m h 
rpaHynaMH pnSoHyKJieonpOTenflHon npnpoflBi, c pnSocoMaMH. CnenyiomuM 3TanoM 
b H3yneHHH BflptiniKa 6 bijio OTKpbiTne npHHu,nnnajiBHoro (jDaicra - «b,hpbihikobbih 
opraHH3aTOp» ^BJiaeTCM BMecTHJinmeM reHOB phOocomhbix PHK. 

Orpoeime ph6ocom 

P moo com a npencTaBnHCT co6on BneMeiiTapuyio KneTonnyio MamnHy cnHTe3a 
jiioSbix 6enK0B kjictkh. Bee ohh nocTpoeHBi b KJieTKe ononaKOBO, mmciot 
OflHHaKOByK) MOJieKynapHyK) komho3hh,hio, bbihojihjhot ononaKOByio (jDyHKU,nio - 
CHHTe3 6enKa - nosTOMy nx mo>kho Tax 5xe chmtbtb kh eTO L n i bi m h opranoMnaMM. B 
OTJinnne ot ^pyrnx opranonnoB u,HTonjia3MBi (nnacTHfl, mhtoxohaphh, KJieTonHoro 
peHTpa, MeMSpaHHon BaKyomipHOH chctcmbi h jxp.) ohh npeflCTaBJieHBi b KJieTKe 
OrpOMHBIM HHCJIOM: 3a KJieTOHHBIH U.HKJ1 HX 06pa3yeTCfl 1 X 10 7 HITyK. Il03T0My 

ocHOBHaa Macca KJieTOHHOH PHK npeflCTaBjnieT co6oh hmchho pHOocoMHyio PHK. 
PHK pnSocoM OTHOCHTejiBHO CTaSHJiBHa, ph6ocombi MoryT cymecTBOBaTB b KJieTxax 
KyjiBTypBi TKaini b TeHemie HecKOJiBKHx khctohiibix u,hkjiob. B neHenoHiibix KJieTxax 
BpeMM nony5KH3HH ph6ocom cocTaBJiaeT 50-120 nacoB. 

Ph 60 C 0 MBI - 3TO CJIOJKHBie pHSOHyKJieOnpOTeHflHBie HaCTHH,BI, B COCTaB KOTOpBIX 
BXOflHT MIIO'/KCCTBO MOJieKyjI HHflHBHflyaJIBHBIX (HenOBTOpeHHBIx) SeJIKOB H 
HecKOJiBKO MOJieKyn PHK, Pmoocombi npoxapHOT h ayxapHOT no cbohm pa3MepaM h 
MOJieKyjiapHBIM XapaKTep HCTH KBM OTHBIHaiOT CH, XOTfl H oSnanaiOT oOlhmmm 
npHHu,nnaMH opraHH3au,HH h (J)yHKu,HOHHpOBaHH3i. K HacTO^meMy BpeMeHH mcto^om 
peHTreHOCTpyKTypHoro anannaa BBicoxoro paapeuieniui hojihoctbk) paciHMcJipoBana 
CTpyKTypa p moo com. 

nojiHaa, paSoTaKDHiaa pnOocoMa, coctoht H3 flByx HepaBHBix cySBeflHHHu,, 
KOTOpBie Jierxo oSpamMO HMCCOHMMpyiOT Ha oonBuiyio cy6Be,HHHHuy h Majiyio. 
Pa3Mep nojiHon npoicapHOTHHecKOH phOocombi cocTaBJiaeT 20 x 17 x 17 hm, 
ayicapHOTHHecKOH - 25 x 20 x 20. nojiHaa npoKapHOTHnecKaa pnOocoMa HMeeT 
K03(|)(|)Hu,HeHT ceflHMeHTau,HH 70S h flHccou,HHpyeT Ha flBe cy6BeflHHHu,Bi: 50S h 30S. 
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IIojiHafl ayicapHOTHHecKafl pnSocoMa, 80S pnSocoMa, ^HCCopunpyeT Ha 60S h 40S 
cyOteaHiiHUbi. <PopMa h jieTajibiibie onepTaniiH pnOocoM H3 pa3HOo6pa3Hbix 
opraHH3MOB h KJieTOK, BKaionaa KaK n p o k a p m o t m h e c k m e , Tax h iy Ka p m ot m h e c k h e , 
nopa3HTejibHO noxo>KH, xoth h OTJiHnaiOTca paaoM ^eTajieii. Majiaa pnOocoMiiaa 
cySteflHHHpa HMeeT najiowKOBH/inyio c|)opMy c necKoabKiiMii HeSojibimiMH 
BbiCTynaMH (cm. pnc. 81), ee /piHHa cocTaBJiaeT okoho 23 hm, a Hinpinia - 12 hm. 
Bojibmaa cyObeaHiiHua noxo^xa Ha nonyccjiepy c TpeMa TopwauinMH BbiCTynaMH. IIpH 
accopnapHH b nojiHyK) 70S pnOocoMy Majiaa cySnacTHpa jiouchtch oahhm kohh,om Ha 
OflHH H3 BbiCTynoB 50S nacTHpbi, a flpyrHM b ee 5Keno6oK. B cocTaB Majibix 
cySBeflHHHH, BxoflHT no OflHOH MOJieKyne PHK, a b cocTaB Sojibhioh - HecKOJibKo: y 
npoxapHOT - aBe, a y ayicapHOT - 3 MOJieKyjibi. XapaKTep hcth k h MOJieKyjiapHOH 
K0Mn03HU,HH pnSoCOM ZiaHbl B Ta6jTHU,e 9. 


Ta6jiHua 9. MojieKyjiapHaa xapaicrepHCTHKa pnoocoM 


OSneKT 

K03(j)(j)HPHeHT 

ce^HMeHTapini 

nOJIHOH 

PhSocombi h ee 
cyObeHinnm 

Koji-bo 

MOJieKyji 

PHK H a 

cySbean- 

ni-my 

Moneicy- 
jiapHbii! Bee 
PHK 

Ko3(J)(|)h- 
mieiiT 
ce^HMeHT 
apiiH PHK 

Koji-bo 
S ejiKOBbix 
MOJieKyn Ha 

cyObeaHiiHuy 


30S 

1 

0,56 x 10 6 

16S 

21 

PhSocombi 

70S 





IIpOKapHOT 

50S 

2 

1,2 x 10 6 

23S 

34 




4,0 x 10 4 

5S 



40S 

1 

0,6 x 10 6 

18S 


PhSocombi 

80S 





3yKapH0T 

60S 

3 

1,6 x 10 6 

28S 

Bcero 




4,0 x 10 4 

5S 

OKOJIO 




4,5 x 10 4 

5,8S 

80 
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TaKHM o6pa30M b cocTaB 3y xapn orane c ko h ph6ocombi bxoaot weTbipe MOJiexyjiBi 
PHK pa3Hoii fljiHHBi: 28S PHK coflepmrr 5000 HyxjieoTHflOB, 18SPHK - 2000, 5,8S 
PHK - 160, 5SPHK - 120.Pji6ocoMHbie PHK oSna/iaiOT cjio>xhoh btophhhoh h 

TpeTHHHOH CTpyKTypOH, o6pa3yH CJIOJKHBie neTJlH H HinHJIBXH Ha KOMnJieMeHTapHBIX 
ynacTxax, hto npiiBOjmT k caMoynaxoBxe, caMOOpraHH3au,HH 3thx MOJieKyn b 
cjiomioe no (J)opMe Teno. Tax, HanpHMep, caMa no ce6e MOJiexyna 18S PHK b 
(|)H3HOJiorHnecKHx hohhbix ycnoBmix o6pa3yeT najiOHKOBmmyio nacTimy, 
onpeflejimomyio (j)opMy Manon cyOBejmi umbi pnoocoM. 

nofl flencTBneM hh3khx hohhbix chji, ocoSemio npn yaajieHHH hohob Marumi, 
njiOTHBie pnoocoMiibie cy6be,am nmbi MoryT p a3 b o p an n bbt b c h b pBixjiBie 

pHSoHyKJieonpoTeHflHBie tjdxh, me mo>xho iiaOmoaaTb KJiacTepBi omejiBHBix SejixoB, 
ho npaBHJiBHBix CTpyKTyp, Tnna HyKJieocoM, HeT, t.k. iict rpynn H3 cxoahbix SejixoB: 
b pnSocoMe Bee 80 SejixoB pa3HBie. 

,H,jhi Toro, hto6bi oOpaaoBaancb pnoocoMbi neooxojmMO Hajimnie weTBipex TnnoB 
Ph6ocomhbix PHK b sxbhmojuiphbix OTHOineHmix h Hajimnie Bcex ph6ocomhbix 
SejiKOB. C6opxa pnoocoM MO>KeT npOHCxoflHTB cnoHTamio in vitro, ecjin 
nocjieflOBaTejiBHO ^oSaBJi^TB k PHK 6ejixH b onpe,nejieHHOH nocjieflOBaTejiBHOCTH. 

CjieflOBaTejiBHO fljia 6HOCHHTe3a phSocom HeoSxo^HM chhtc 3 MHmxecTBa 
cneu,HajiBHBix ph6ocomhbix SejixoB h 4-x TnnoB phSocomhoh PHK. Ime 3Ta PHK 
CHHTe3HpyeTcn, Ha xaxoM xojimiecTBe reHOB, me 3 th reHBi jioxajiH30BaHBi, xax ohh 
0praHH30BaHBi b cocTaBe ^HK xpomocom - Bee 3 th Bonpocxi b nocjieflHHe 
flec^THJieTmi 6 bijih ycnemHO pa3pemeHBi npn royneHHH CTpoeHmi h (J)yHxu,HH 
aflpbimex. 

HeM onpe/jejineTCH hhcjio H/ipbimeK b KJieTKe 

Kax y>xe roBOpHJiocB, Bee xjieTxn hmciot oonaaTeabiibie BHyrpmmepHBie 
CTpyxTypBi - a^pBimxH. 3to npaBHJio HMeeT HeSojiBinoe hhcjio HCXJiiOHeHHH, 
xoTOpBie, xax 6ya,eT bhhiio, tojibxo nomiepKiiBaiOT Ba>xiiocTb h neoOxojmMOCTb 
ynacTmi rmpBimxa b >xH3iiemibix OTnpaBJieHmix xjictxh. K tbxhm HCXJiiOHeHmiM 
othochtch xjictxh npoommixca mm, me flflpBimxH OTcyTCTByiOT Ha paHHnx 3Tanax 
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3M6pHoreHe3a, nan KJieTKH, 3aK0HHHBimie pa3BHTne h HeoSpaTHMO 

c n e u h an h 3 n p o b a b uni e ca KaK, HanpHMep, neKOTopbie kjictkh KpOBii. 

B ocTanbHbix cnynaax b KJieTKax naSnioaaeTca 1-5 aapBimeK, npnweM hx 
KOJ iHnecTBO He CTporo nocTOHinio aaace y oanoro h Toro ace Tima rjictok. Boaee Toro 
b HeKOTOpBix noaoBBix KJieTKax (pacTymne oohhtbi) hhcjio aapBimeK MonceT 
aocTiiraTB HecKOJibKHx cot, T.e. Ha a Ba nopaaKa BBirne, neM b coceamix 
coMaTHnecKHx KJieTKax. 3 to - t.h. aMnjiH <J)HKaH,Ha aapBimeK. 

Eme b 30-x roaax 6bijio caenano npeanonoKenne, hto hhcjio aapBimeK 3aBHCHT ot 
HHCJia "aapbiuiKOBbix 0praHH3aT0p0B" - oco6bix yiacTKOB, Ha KOTOpBix b Tenocjiaae 
npoiicxoaHT HOBOo6pa30BaHHe aapBimeK HHTep(j3a3Horo aapa. HacTO aapBiniKOBBie 
OpraHH3aTOpBI JI0KaJIH30BaHBI BO BTOpHHHBIX nepCTfl/KKaX XpOMOCOM (o6pa3yiOT 
BTOpHHHBie liepeTH'/KKH XpOMOCOM). TaK y HenOBCKa aapBIHIKOBBie OpraHH3aTOpBI 
pacnonoaceHBi b kopotkhx nnenax 13, 14, 15, 21 h 22 xpomocom (10 Ha aunnoHaHBiH 
Ha6op) (pHC. 82). Y MJieKomrraiomHx oSbihho HMeeTca hcckojibko 
a a p b i hi ko o 6 p aay i o hi h x xpomocom Ha annnoHanBm na6op: y kohikii - 2; y cbhhbii - 2; 
y MBIHIH - 4; y KOpOBBI - 8. y XnaaHOKpOBHBIX n03B0H0HHBIX H y nTHU, oSbihho 
HMeeTca tojibko no oanoH nape a a p b i hj ko o 6 p as y i o hi h x xpomocom. 

TaKHM o6pa30M MaKcmvianBHoe micno aapBimeK b pa3HBix KneTKax onpeaeaaeTca 
HHcaoM aapBiniKOBBix 0praHH3aT0p0B h y Bea h h h BaeT ca coraacHO naonaHOCTH aapa: 
b KpynHBix noaHnaoHaHBix aapax Bceraa KoannecTBO aapBimeK SoaBine. 

3to npaBHao n oaT b e p aca aeT c a npaMBiMH naSmoaennaMH Haa MyTaHTHBiMH 
ocoSaMH c pa3HBiM HHcaoM aapBiniKOBBix 0praHH3aT0p0B. Tax y HinOppeBOH 
aaryniKH b HOpMe b annnoHanoH KaeTKe ecTB aBe aapBHHKOo6pa3yiom;Hx 
XpOMO COMBI H COOTBeTCTBeHHO 1-2 aapBIHIKa. y reTep03HT0TH0H 0 C 06 h c OaHOH 
aapBIUIK006pa3yK)IHeH XpOMOCOMOH - 1, y r0M03Hr0THBIX MyTaHTHBIX aHHHHOK, y 
KOTOpBix HeT aapBiniKOBBix OpraHH3aTOpOB, aapBIHIKH He B03HHKai0T II He 
npoiicxoaHT CHHTe3a pPHK. CxoaHBie naSmoaenna 6bihh noayneHBi Ha ap030(J)Haax 
C pa3HBIM HHCaOM aapBIHIK006pa3yi0mHX XpOMOCOM OT 0 ao 4. 
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JTo Ka ji h 3 a u. n a nap l>i lu ko b li x opraHH3aTOpOB onpeaeaaeTca ^obojibho tohiio Ha 
MHTOTHHeCKHX XpOMOCOMaX C nOMOLHblO OKpaCKH COJIHMH CCpCOpa, KOTOpBie HMCIOT 
cnemi(j)HHecKoe cponcTBO k HexoTOpBiM h,hpbihixobbim SejixaM. Bojiee tohhbim 
HB ioieTCH onpeflejieHHe hapbihixobbix 0praHH3aT0p0B c noMomtio MeTO^a 
MOJieKyjiapHOH niopHaHiamni in situ. Tax MeHennaa TpHTHeM pPHK npn KOHTaKTe c 
^eHaTypHpOBaHHOH ^HK Ha npenapaTe mhtothhccxhx xpomocom o6pa3yeT ^HK- 
pPHK rnSpHfl tojibko b Tex MecTax, me ecTB nocneflOBaTejiBHOCTH ^HK, 
KOMnjieMeHTapHbie pPHK. 

Hame Bcero b xneTxax xojiHHecTBO HflpBimex MeHBine, neM hhcjio h,hpbihixobbix 
0praHH3aT0p0B. 3to CBrnaHO c TeM, hto npn HOBC>o6pa30BaHHH H^pBimex ohh MoryT 
cjiHBaTBca flpyr c npyroM b onny o6myio CTpyxiypy, T.e. MoryT oSBeamniTbCH b 
npocTpaHCTBe HHTep(J)a3Horo anpa omejiBHBie jmpBimxoBBie opraHH3aTOpbi pa3Hbix 
xpOMOCOM. Tax b TxaH^ix HejiOBexa MoryT BCTpenaTBCJi xjictxh c o,zniHM a^pbinixoM. 
3t0 3HaHHT, HTO fleCHTB HflpbIHIX006pa3yK)HIHX ynaCTXOB, JIOXyCOB, flHnJIOHflHOTO 
na6opa xpomocom bxohht b cocTaB onnoro H^pBinixa. Canal me impBimex flpyr c 
HpyroM xoporno noxa3aHO Ha jxhbbix xjieTxax xyjiBTypBi TxaHH npn peHTpacjiepHOH 
XHHO CT>eMxe . 

MHo^cecTBeHHocTb ph6ocomhmx reHOB 

npn H3yneHHH HHCJia aflpBimex npn pa3JiHHHBix xpomocomhbix a66epamiax 6bijio 
Han^eHO, hto npn pa3pbiBe xpOMOCOMBi Ha MecTe btophhhoh nepeTioxxH HflpbimxH 
MoryT B03HHxaTB Ha Ka/xnoiYi H3 (J)parMeHTOB xpomocom. Tax npn oSMeHe ynacTxaMH 
Mox^y HByMH xpOMOCOMaMH b MHxpocnopou,HTax xyxypy3Bi, b tom cjiynae xoma 
pa3pbIB O/UIOH H3 XpOMOCOM npOHCXOflHJI Hepe3 flflpBIHIXOBBIH opraHH3aTOp, 
B03HHXaJIH HB6 XpOMOCOMBi, Xa^X^aH H3 XOTOpBIX HeCJia HBCTB HCXOflHOTO 
HflpBiHixoBoro opraHH3aTOpa. B ttom cjiynae o6e xpomocombi o 6a an an h 
CnOCOSHOCTBK) o6pa30BBIBaTB HflpBIHIXH, XOTH H B HeOflHHaXOBOH CTeneHH. H3 3THX 
naSaioaemiH 6 bin caenan onenb bb>xhbih bbiboh (xotopbih nonnocTbio noaTBepHiiaca 
b 60-x roaax Ha MOJiexyjiHpHO-SHOJiorHHecxoM ypOBHe) o tom, hto a^pBinixoBBiH 
opraHH3aTOp npeacTaBJiaeT co6oh He tohchhbih Jioxyc xpomocombi, a HBJiaeTCH 
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MHOJKeCTBeHHbIM IIO CBOeil CTpyKType, CO/iep'/KHT HeCKOJIBKO O^HIiaKOBblX reHHBIX 
ynacTKOB, KaacHBin H3 KOTOpBix OTBenaeT 3a o6pa30BaHHe a^pBimica. 

MeTOflOM MoneKyaapHOH niopMHHBamni 6 bijio nc>Ka3aHO, hto b cocTaBe tchomob 
ayicapHOT pnSocoMHBie reHBi npeacTaBaenbi coth a mm h TBicanaMH eaunim; ohh 
npnnanaeacaT k (jjpaiajHH yMepeHHO noBTopaiomnxca n o ca e a o b aT e a b n o ct e ii ^HK. 
,Z(aace y SaKTepnn b reHOMe MO>KeT 6 bitb HecxoaBKO (6-7) pacceamibix no reHOMy 
HfleHTnnHBix nocae^OBaTeaBHOCTen, OTBeTCTBeHHBix 3a cnHTe3 pPHK. 06mee 
KoanaecTBO stoh (J)paKmiH ^],HK (p/)HK) y E. coli cocaaBaaeT oxoao 1% ot Been 
/(HK. Y 3yKapHOTnnecKHx oprammiOB stot nponeiiT mo'/KCt cocTaBaaTB 0,18 ana X 
laevis, 0,4 - ana aeaoBeica, 1,3 ana ap030(])HaBi, 5,5 ana neKapCKnx apoacaceil. Bncao 
ace phOocomhbix reHOB y ayicapHOT HaMHoro SoaBnie, hcm y npOKapnoTnnecKHx 
KaeTOK. B Ta6a. 10 npiiBeaeHBi HeKOTOpBie npHMepBi nncaa reHOB pPHK y 
paaaHHHBix npeacTaBHTeaeH ayicapHOT. 

Ta6anua 10. KoanaecTBO phSocomhbix reHOB Ha ranaon^HBin na6op xpomocom 
X opaoBBie 


MaeKorarraiomHe : 

BeaoBeK 

200 


Mbiihb 

100 


Konixa 

1000 

riTHu,Bi: 

Kypima 

■200 

Amc|)h 6 hh: 

TpHTOH 



rpeoeimaTBiH 

-4100 


AM(|)HyMa 

- 19600 

Pbi 6 bi: 

JIhhb 

- 120 


JIOCOCB 

-730 


HeopepaToa 

-4800 

Becno 3 BOHOHHBie 



HraoKoacne: 

MopCKon eac 

-260 

HacexoMBie: 

CBepnoK 



flOManmnn 

- 170 
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-240 


IIIejiKonpafl 

TyTOBMH 


Mojijikdckh: 

YcTpHiia 

-220 

HeMaTOflbi: 

AcKapH^a 

-300 

npocTenniHe 

3BmeHa 

- 800 


TeTpaxHMeHa 

-290 

Bbicmne pacTeHHa: (Pacojib 

-2000 


Kyrypysa 

- 8500 

rpnobi: 

/IpO'/K/Kn 



neicapCKHe 

- 140 

BoflOpocjiH: 

XjiaMHflOMOHa^a - 150 


Au,eTa6yjiapHa 

- 1900 

CjIH3HeBHKH: 

^HKTHOCTeJIHyM - 200 


<Pn3apyM 

- 80 

C noMOHibio MeTO,na MOJieicyjiapHOH rn6pHflH3au,HH 6biJio npoaHajiH3HpOBaHO He 

TOJIbKO HHCJIO 

pHOoCOMHbIX reHOB, HO H 

hx noKannianna. H3 sthx iKcnepuMeiiTOB 

cjieflOBajio, hto h Men no 30 hbi aapriuiKOBbix opraHH3aTOpOB bo btophhhbix 


nepeTH/KKax xpomocom Xenopus co^epacar pnooccmnibie renbi h hto b KaayjOM H3 
3thx oprammTOpOB co^epacHTca npHMepHO no 300 reHOB, T.e. a^pbiniKOBbie 
opraHH3aTOpbi npeflCTaBJiaiOT co6on nojinu,ncTpOHHbie ynacTKH, coflepacamHe 
MHOJKecTBO oflHHaKOBbix reHOB (nojiHH3oreHHbie ynacTKn). CneflOBaTenbHO, 
pnOocoMHbie reHbi coSpaHbi BMecTe b rpynnbi hjih KJiacTepbi. 

HaSnioflaTb HenoepeflCTBeHHO nopa^OK pacnojioaceHHa pnOocoMHbix reHOB Ha 
/THK BbiflejieHHbix a^pbimeK c noMombio ajieicrpOHHoro MHKpocKona yzjajiocb Ha 
^onojiHHTejibHbix aflpbiimcax oou,htob aM(J)H6HH. 

AMnnii(|)iimipoBaHHbie HjpbiniKH 

OObihho hhcjio reHOB pHOocoMHbix PHK nocToaHHO Ha reHOM, oho He MeHaeTca b 
3aBHCHMOCTH OT ypOBHH TpaHCKpHnU,HH 3THX reHOB. TaK y KJieTOK C BbICOKHM 
ypOBHeM MeTa6ojiH3Ma hhcjio reHOB pPHK tohho TaKoe ace Rax h hhcjio y KJieTOK, 
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nonHOCTLK) npeKpaTHBiiiHx CHHTe3 ph6ocom. IIpH penaHxapHH ,Z],HK b S-nepnope 
nponcxopHT h ypBoemie HHcaa reHOB pPHK, nosTOMy hx kojimhcctbo xoppeanpyeT c 
nJlOHflHOCTBK) KJieTKH. 

Opnaxo cymecTByiOT caynan, xorpa reHBi pPHK nopBepraiOTca h36bitohhoh 
penaHxapHH. IIpH stom aonojiHHTeaBHaa penanxapHa reHOB pPHK nponcxopHT b 
peaax ooecneHemia npopyxpHH Soatmoro xoaHnecTBa ph6ocom. B pe3yjiBTaTe 
Taxoro CBepxcHHTe3a reHOB pPHK hx kohhh MoryT CTaHOBHTbca cboSophbimh, 
3KCTpaXpOMOCOMHBIMH. 3 tH BHCXpOMOCOMHBie KOnHH reHOB pPHK MOryT 
(|)yHKu,HOHHpOBaTB He3aBHCHMO, b pe3yjiBTaTe Hero B03HHKaeT Macca cboSophbix 
aonojiHHTejiBHtix appbimex, ho yace He CBHsainibix CTpyKiypHO c 
appbimxoo6pa3yioipHMH xpOMOCOMaMH. 3to HBJieHHe nojiyHHJio Ha3BaHHe 
aMnjiM(j)MKamiM reHOB pPHK. OcoSeHHO noppoSHO sto aBaeHHe royneHO Ha 
pacTyipHx oopmax aM(J)H6HH, xoTa oho BCTpenaeTca Kaic y jkhbothbix, Tax h y 
pacTeHHH. 

Tax y X. laevis, nanooaee noppoono H3yneHHbiH h nonyaapHbiH oSbexT, 
aMnaH(})HKamia p^HK, nponcxopHT b npo(J)a3e I peaenna coapeBanna, xorpa CHHTe3 
xpOMOCOMHOH ,ZJHK paBHO 3axoHneH. B 3tom cjiynae xoaHnecTBO 
aMnan(J)HH,HpOBaHHOH p/THK (nan reHOB pPHK) CTaHOBHTca b 3000 pa3 Sojibme 
Toro, hto npHxopHTca Ha ranaonpnoe kohuhcctbo p^HK, h eooTBeTCTByeT 1,5 x 10 6 
reHOB pPHK. 3th CBepxHHcaeHHbie BHexpOMOCOMHbie xonHH h o6pa3yK)T cothh 
aonojnnrrejibHbix appbimex b pacTyipnx oopmax. B cpepHeM ace Ha opho 
aonojnnrrejibHoe appbimxo npHxopHTca Hecxoabxo cot hjih tbichh reHOB pPHK. 

A m nan (J) n p h p o b a n n bi e appbimxH BCTpe L iaiOT ca Taxace b oopmax HacexoMbix. Tax 
y oxaiiMaeHHoro naaByHpa b oopmax oSnapyaceno 3 x 10 6 3 kc t p ax p o m o c o m ii bi x 
xonnii reHOB pPHK. 

BHoaorHHecxHH cmbich noaBaeHHa CBepxHHcaeHHbix axcTpaxpOMOCOMHbix 
appbimex npn pocTe oophtob coBepmeHHO noHaTem paa CHHTe3a orpOMHoro 
xoaHnecTBa 3anacHbix npopyxTOB, xoTOpbie 6ypyT Hcnoab30BaHbi Ha paHHHx CTapnax 
3M6pHoreHe3a, HeoSxopHMO eooTBeTCTBeHHO orpoMHoe xoaHnecTBO phOocom, 
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KOTOpBie MoryT obitb b KJieTKe CHHTe3HpOBam>i Ha aonoaHHTeabHbix Marpnijax sthx 
MH oroHHCJieHHbix aMnaH(j)Hu,HpoBaHHbix aflpbimeK. riocae nepnoaa C03peBaHHa 
oou,HTa npn ero aByx n o ca eao BaTea b n bi x aeaennax sth aonoaiiHTeabiibie aapwniXH 
B COCTaB MHTOTHHeCKHX XpOMOCOM He BXOflaT, OHH OTHeHHIOTCH OT HOBbIX a^ep H 
aerpaanpyiOT. CaeaoBaTeabiio, aMnaMcjaiKauiia p/THK b oou,HTe npeacTaBaaeT co6oh 
B peMeHHoe HBaeHHe, He cxa3biBaiomeecH Ha nocToaHCTBe reHOMa. 

Y hh3hihx 3 y Ka p h o t h h e c k M x opraHH3MOB naSaioaaiOTca Taxace 

SKCTpaxpOMOCOMHbie aapbiuiKii. Tax y Tetrachymena pyriformis b cocTaBe 
ranaoHanoro reHOMa MHxpOHyxaeyca HMeeTca ToabKO eaHiiCTBeinibiM reH pPHK. B 
MaxpOHyxaeyce ace stoto opraHH3Ma coaepacHTca oxoao 200 ranaonanbix 
3KBHBaaeHTOB B BHae 3KCTpaXpOMOCOMHbIX XOnHH. Y apO'/K/KCBBIX KaeTOK TaK/Ke 
oSnapyaceiibi 3 kc t p ax p o m o c o m n bi e kohhh reHOB pPHK b BHae p HxaHH e c xhx 
Moaexya /THK aaHHOH oxoao 3 mxm, coaepacaiHHx oaHH reH pPHK. 

CrpoeHHe h (|)VHKHHOHiipoBaHiie reHOB pPHK 

HTax, b aapbimxoBbix oprammTOpax onpeaeaeHHbix xpomocom aoxaaH30BaHbi 
MecTa MHoacecTBeHHbix crpynnHpOBaHHbix BMecTe reHOB phOocomhoh PHK. Ho xax 
yace roBOpnaocb, cymecTByeT 4 Tuna Moaexya phOocohoh PHK, xaacabra H3 xoTOpbix 
b nonHOH ayxapHOTHHecxoii pnoocoivie npeacTaBaeH oaHH pa3. 3na L niT an sto, hto 
aaa xaacaoii H3 sthx PHK (28S pPHK, 18S pPHK, 5,8S pPHK, 5S pPHK) aoaaceH 
cyuiecTBOBaTb OTaeabHbiH reH, 6biao aoaroe Bpeivia neaciibiM. He noiumibiM 6biao 
Taxace, xax ocymecTBaaeTca b xaeTxax oaHOBpeMeHHoe cOaaanciipoBannoe 
o6pa30BaHHe sthx pa3Hbix pPHK. 3tot Bonpoc 6bia perneH npn HceaeaoBaHHH 
aHHaMHXH CHHTe3a pHOOcoMiibix PHK. Bbiao oonapyaceno, hto npn Hcnoab30BaHHH 
HMnyabCHOH xopOTxoii m6tkh cpepn xaeTOHHbix PHK o 6 n a p y ac h b aeT c a ObiCTpo 
CHHTe3HpyK)maa PHK c bbicoxoh cxopocTBK) ceaHMeHTau,HH, Taaceaaa 45 S PHK. 
Echh nocae noaBaeHHa stoh 45 S PHK npoaoaacaTb HaSaiopaTb 3 a pacnpeaeaeHHeM 
MeTXH bo (|)paxu,Hax PHK, ho yace b OTcyTCTBHe MeneHHbix npeauiecTBeHHHxoB, to 
MoacHO BHaeTb, hto no Mepe yObiBaHHa mctxh b 30He 45 S PHK, OHa HanHHaeT 
noaBaaTbca h CTaSnabHO HaxanaHBaTbca b 30Hax 28S, 18S h 5,8S phOocomhbix PHK. 
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3th aamibie tobophjth o tom, hto ripn CHHTe3e pnoocoMiibix PHK cnanaaa 
oSpasyeTca niraiiTCKaa moh e Kyaa- npeanie ctbchhhk (45 S PHK), KOTOpaa 3aTeM naeT 
Haaaao ochobhbim MoaeKyaaM phSocomhoh PHK. Bbiao HaiiaeHO, hto MoaeKyaa 45 S 
PHK coaepacHT OKoao 13 x 10 3 ocHOBaHHH, HMeeT Maccy oxoao 4,6 x 10 6 , h MoaceT 
6biTb a-JiHHoii 2-5 mkm. ^Baemie pacnaaa MoaeKyabi 45 S pPHK Ha (jDpameHTbi, 
cooTBeTCTByiOHiHe pa3MepaM 28S, 18S h 5,8S PHK, noaynHa Ha3Bamie 

"npopeccHHr" nan co3peBaHHe. Bo BpeMa npopeccHHra nponcxoaHT pa3pbiB 
npeaniecTBeHHHKa Ha TpH cjiparMeiiTa h KpOMe toto naSaioaaeTca 3iia L iMTeabnaa 
aerpaaapna PHK (okoho 50%, T.e. 6000 HyKaeoTHaoB) . KpOMe sthx aamibix 6biao 
BbiHHcaeHO, hto MoaeKyaa 5S PHK CHHTe3HpyeTca He3aBHCHMO ot 45 S PHK h 
aoKaaH3au,Ha reHa 5S pPHK He CBH3aHa c aapbiuncoBbiM 0praHH3aT0p0M. 

noHTH oaHOBpeMeHHO c noayHenneM sthx 6 mox m m h we c kh x aamibix O. Mnaaepy 
(1969) yaaaocb c noMombio aaeicrpOHHoro MHKpocKona yBHaeTb paSoTaiomne 
pnSocoMHbie reHbi. ,Z],aa stoto 6bian noa CBeTOBbiM MHKpocKonoM BpyHHyio 
BbiaeaeHbi aapa H3 cpeaHHx oou,htob TpHTOHa, MHKpOHraaMH 6biaa pa30pBaHa 
aaepnaa oSoaonica h b MHKpomineTKy 6bian BTanyTbi MHoroHHcaeHHbie 
aMnaH(|)Hu,HpOBaHHbie aapbiniKH. Taica a Kanaa, coaepacainaa aapbiniKH h 
KapHonaa3My, 6biaa nepeHeceHa b pacTBOp hh3koh hohhoh cnabi co meaoHHbiM 
3HaaeHHeM cpeati. 3tot pacTBOp HacaaHBaaca Ha pacTBOp caxap03bi c (JtopMaaHHOM, 
HaxoaaniHHca b MHKpoaaeHKe u,eHTpH(j}y>KHOH npoSnpKH, Ha ane MHKpoaHeHKii 
noMemaaacb ceToaxa c (J)opMBapOM aaa aneKTpOHHOH MHKpocKomiH. ^encTBiie 
hh3koh hohhoh cnabi b meaoHiiOM cpeae npHBoaHao k naOyxaiiHio h 
ancnepTHpOBaHHio BbiaeaeHHbix aapbimex, ohh pa3pbixaaancb HacToabKO, hto 
CTaHOBHHHCb naOXO pa3aHHHMbIMH B CBeTOBOM MHKpOCKOne. npH 
H,eHTpH(J)yrHpoBaHHH TaxHe naOyxuine aapbiuiKH npoxoanan nepes caoii caxap03bi, 
eme Soabrne pacnpaBaaancb h (j)HKCHpOBanHCb b (J)opMaaHHe. HaKOHeu, ohh 
aocTHraan ana MHKpoaHeiiKH h pacnaacTbiBaancb Ha (JiopMBapOBOH noaaoacice. 
nocae 3toto cctohkh BbiHHMaancb, o6e3BoacHBaaHCb, OTTenaancb MeTaaaoM h 
npocMaTpHBaaHCb b aneKTpOHHOM MHKpocKone (pnc. 83, 97a). 
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Ha TaKOM npenapaTe 6bijih bh^hbi cjicbkho n3orHyTBie h nepenyTaHHBie fljiHHHBie 
oceBBie MOJieKyjiBi ,ZJHK, Ha KOTOpBix nepes paBHBie npoMe>KyTKH pacnojiarajiHCB 
(J)H6pHJiJiapHBie 30HBI, HMeiomne BHfl "ejioneK". ,Z],jiHHa (J)parMeHTa ^HK, 3aHHToro 
TaKoii "ejiOHKoii" 6BiJia hoctohhhoh h paBrouiacB 5 mkm. Ha stom OTpe3Ke 
pacnojiarajiocB okojio 100 njiOTHBix rpaHyji BejiHHHHOH okojio 20 hm, ot KajK^ofi H3 
KOTOpBix OTXOflHJia B CTOpOHy TO II KB JI H30THyTaJI HHTB. BeJIHHHHa TaKOH HHTH OBLIB 
MHHHMaJIBHOH Ha OflHOM KOHU,e TaKOTO OTpe3Ka H MBKCHMaJIBHOH Ha flpyTOM. 3 th 
H3BHTBie jiaTepajiBHBie hhth h o6pa30BBiBajiH CTpyKTypy THna "eaoHKii". Bbijio 
HOKa3ano, hto KpynHBie rpaHyjiBi Ha hhth ^HK npe^CTaBjunoT co6oh MOJieKyjiBi 
PHK-nojiHMepa3Bi I, OTBeTCTBeHHOH 3a cmrre3 pPHK, a SoxoBBie roorHyTBie hhth - 
TpaHCKpHnTBI, COCTOJIUHie H3 CHHTe3HpyeMBIX MOJieKyjI PHK. CaMBie flJIHHHBie 
TpaHCKpHnTBI HaXOflHJIHCB Ha OflHOM KOHU,e "eJIOHKH", COOTBeTCTBOBaJIH 45S 

npeflmecTBeHHHKy pPHK. CneflOBaTejiBHO, chhtc 3 pPHK HaHHHajica Ha KOHpe 

OTpe3Ka C KOpOTKHMH SOKOBBIMH HHTHMH, H 3aKaHHHBajICJI Ha yHaCTKC C flJIHHHBIMH 
HHTHMH PHK. TaKOH yHBCTOK ,Z1,HK, Ha KOTOpOM 6bIJ1H BHflHBI MOJieKyjiBi pPHK B 
npopecce hx yzpiHHeHHa, nojiyHHJi Ha3BaHHe TpaHCKpnnunoHHOM e^HHHUbi. 
MejK^y TpaHCKpHnu,HOHHBiMH eflHHHpaMH pacnojiarajiHCB ynacTKH ^HK, jinmeHHBie 
rpaHyji PHK-nojiHMepa3Bi I h TpaHCKpHnTOB. 3 to - 30 hbi t.h. cneiicepOB, KOTOpBie He 
TpaHCKpHOnpyiOTCfl, h, 6onee toto, Ha tbkhx npenapaTax ohh hmckdt HyKJieocoMHoe 
CTpoeHHe, Tor^a KaK TpaHCKpHnu,HOHHBie eflHHHu,Bi cboSoahbi ot HyKJieocoM. 
BejiHHHHa tbkhx cneiicepHBix ynacTKOB motkct BapBHpOBaTB He tojibko b Hannon 
KJieTKe, ho 6bitb pa3JiHHHOH y pa3HBix bh^ob. ^jihhb Sokobbix (J)h6phjiji OBiJia b 5-10 
pa3 Kopone, HeM 45 S PHK, H3-3a toto, hto 3Ta HOBOCHHTe3HpOBaHHaa PHK CBioaHa c 
SejiKaMH, oSpaaya p m 6 o 1 1 y k a e o n p o t e 11 n 1 1 b i il tjdk, npenmecTBeimiiK p moo com. 

HcXOflfl H3 3THX paSOT CTaJIO HCHO, HTO pHSoCOMHBIH reH COCTOHT H3 AByX 
ynacTKOB: HeTpaHCKpHOnpyeMaa noejieflOBaTejiBHOCTB ^HK (nts) - cneiicep h 
TpaHCKpHnpHOHHafl eflHHHH,a. B COCTaB TpaHCKpHmi,HOHHOH eflHHHU,BI BXOflHT 

ynacTKH, eooTBeTCTByiomHe 28S, 18S h 5,8S pPHK, pa3fleneHHBie BCTaBKaMH, 
KOTOpBie nerpaanpyiOT npn npopeccKHre 45 S PHK. 
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PacLUMcj)poBKa CTpyxrypbi pHOOcoMiibix reHOB pa3JiHHHBix ?y Kap H OT H H6 CKH X 
oSbeKTOB noKa3ana ynHBHTejiBHO yHHBepcajibHbiH ran nx CTpoemia: 

3' nts - npOMOTOp- tse - 18S pPHK - tsii - 5,8S pPHK - tsi 2 - 28S pPHK 5' 

r^e nts - HeTpaHCKpnSnpyeMBie nocne^OBaTejibHOcra ^HK cnencepHoro ynacTxa, 
ts - t p a n ck p m 6 m p y e m b i e nocne^OBaTejiBHOcra /THK (Biieuniaa ii aoe BHyTpeHHne), n 
ynacraH, cooraeTcrayiomHe 3pejibiM phOocomhbim PHK. B cocTaB 
TpaHCKpnnpiiOHHon e/iHHnnbi BxoflHT Becb reH 3a HCXJHoneHHeM cnencepHoro 
ynacraa. Taxaa CTpyxTypa puSocoMiioro reHa npaxranecxH onmiaxoBa tma Bcex 
3y KapnoTHHecKHx opraHH3MOB (pnc. 84). BapnaSejibHbiMii hb3hiotch xax 
HeTpaHCKpnSnpyeMbie (cnencepHbie) ynacran, Tax n TpaHCKpnSnpyeMbie BCTaBKH 
(ts), KOTOpbie He Bxo,o,aT b cocTaB 3penbix pPHK. 

HraK Tpn ocHOBHbie MOJiexyjibi pPHK CHHTe3HpyiOTca Ha o^hoh 
TpaHCKpHnpiiOHHOH eflHHHH,e. Hto >xe xacaeTca MOJiexyjibi 5S pPHK, to OHa k 3TOMy 
reHy Hiixaxoro oraomeHiia He HMeeT: 5S pPHK CHHTe3HpyeTca Ha OT^ejibHbix reHax, 
JI0KaJlH30BaHHbIX He B 30HaX flflpblHIKOBblX OpraHH3aTOpOB, aa>Ke Ha COBCeM IiHblX 
xpOMOCOMax npH ynacran PHK-nonHMepa3bi III. Tax y nenoBexa ocHOBHaa Macca 
reHOB 5S pPHK HaxoflHTca Ha I xpOMOCOMe, 6onee Menxne xnacTepbi - Ha 9 h 16 
xpOMOCOMax. Y xceHonyca reHbi 5S pPHK pacnojioaceHbi b TenoMepiibix ynacTxax 
SojibHiHHCTBa xpoMocoM. reHbi 5S pPHK, raace MiiO/xecTBeinibie, Taxace coopaiiBi b 
xnacTepbi, ho hx hhcjio Bbirne, neM y ocTanbHbix reHOB pPHK. Tax y nenoBexa hx 
HacHHTbiBaeTca % o 2000, y xceHonyca - 24000, y rpeOeHnaToro TpHTOHa - 32000. 
Ectb oSbexTbi h c MeHbHiHM hx hhcjiom: Drosophila - 320; xpbica - 830. Y 
Henpocnopbi h ^poacacen hhcjio reHOB 5S pPHK onmiaxoBoe c hhcjiom apyrnx 
pnOocoMiibix reHOB, t.x. ynacrax 5S pPHK BKaionen h TpaHCxpHOnpyeTca b 
cnencepHOH 30He. 

Tpaiicxpiinmia pPHK h^ct c homo hi bio asyx (JiepMeHTOB: PHK-nonHMepa3bi I, 
xorapaa ynacTByeT b CHHTe3e 45 S npeauiecTBeiimiKa pPHK h PHK-nojiHMepa3bi III, 
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OTBeTCTBeHHOH 3a CHHTe3 5S pPHK. MaTpHiieii .una CHHTe3a pPHK no onpe,a,eneHHK) 
^ojiacHa 6 bitb a^pbiuiKOBaa /1HK. 

B H30Jinp0BaHH0M p-xpOMaraHe oSnapyacenbi rncTOHbi, HerncTOHOBbie 6enKH n 
6enKH piiSocoM. Tax b p-xpOMaTHHe oSHapyaceHBi ocHOBHBie cepflpeBiiHHbie 
(xopOBbie) thctohbi, ho nx KOJinnecTBO cocTaBJiaeT tojibko 40% no cpaBHeHHio c 
TaKOBBIM B TOTaJIBHOM XpOMaTHHe. 

IlepBHnHbie TpaHCKpnnTbi ( m o p (}) on o r n h e c k h npencTaBnenbi b Bone naTepajiBHBix 
(J)HJiaMeHTOB Ha “enonKax”, o6pa3yiounixca Ha aKTHBHBix TpancKpHnmiomibix 
eflHHHpax) nporpecciiBHO yBenHHHBaiOTca b nnHiiy no Mepe npoxo'/Kneinifl PHK- 
nojiHMepa3Bi I b^ojib Bcero t p a n c k p m n mi o n n o ro ynacTKa reHa, nammaa c tohkh 
Hanajia penjiHKapHH ^o TepMHHajiBHoro ynacTica. Ckopoctb pocTa penn npe-pPHK 
cocTaBJiaeT okoho 20-30 HyKneoTH^OB/ceK., T.e. BecB chhtc3 45S pPHK 3aHHMaeT 
okoho 5-10 MHHyT. 

Ha Kaac^OH TpaHCKpiinu,iiOHHOH eflHHHpe pacnojiaraeTca mhohccctbo (50-100) 
MOJieKyn PHK-nojiHMepa3Bi I, TeM caMBiM Ha Kaac^OM reHe o^HOBpeMeHHO 
nponcxoHHT CHHTe3 Miio>KecTBa MOJieKyn npe-pPHK, KOTOpBie naxonaTca Ha pa3HBix 
CTaanax pocTa nonMiiyKneoTHnnoM pemi (pnc. 85). MaKCHManBHOH bcjihhhhbi npe- 
pPHK aocTuraeT b6jih3h TepMHHajiBHoro ynacTKa, me ee MoneKynapiibiii Bee 
^ocTiiraeT 4,5 x 10 6 ^1, (,HJia MJieKonHTaiOHiHx), a ^HHHa .nonmia eooTBeTCTBOBaTB 5,2 
mkm. Ha caMOM nee nene anHiia jiaTepajiBHoro TpaHCKpHnra b 5-10 pa3 xopone 3 toh 
B ejiHHHHBi. 3 to CBH3aHO c TeM, hto no Mepe pocTa TpaHCKpnnTa oh CBH3BiBaeTca 
cpa3y nee c SenicaMH, oopaaya b KonewnoM ynacTice TpaHCKpHnu,HH 
pHOoHyKJieonpoTeHfl c KoscjxJmpHeHTOM ceflHMeHTau,HH 80S. TaKne 80S pPHn 
co CTaBJiaiOT no 20% ot Bcex PHn a^pBiuixa. BojiBHiaa nacTB SejiKOB, KOTOpBie 
CBa3BiBaK)Tca c 45 S PHK hbhhiotch SejiKaMH, BxonaumMM b cocTaB Majion h 
oohbluom cyOBeaHiiim 3pejiBix p moo com. TaKHM o6pa30M yace Ha ypOBHe neipenoM 
ruraHTCKOH MOJieKyjiBi npe-pPHK npOHCxo^HT cnemi(j)M L iecKoe CBaibiBamie c 
PhSocomhbimh SejiKaMH: okoho 50% ochkob Sohbhioh cyOBenMimHbi h okoho 30% 
Manoii cy6BeflHHHH,Bi CBH3BiBaiOTCH c npe-pPHK bo BpeMa ee CHHTe3a hhh BCKOpe 
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nocne Hero. Taraa CBnib 45S PHK c oenKaMM h npuBOHHT k TOMy, hto naTepantHbie 
TpaHCKpHnTBi HMeiOT TOJiniHHy okojio 10 hm (nocne OTTecHeHHa MeTamiaMH), Ha hx 
cboSo^hom KOHpe nacTO naOnionaeTcn Kpynnaa rpaHyjia (30 hm), hto MO>KeT 
yica 3 BiBaTB Ha BbicoKyio CTeneHB KOMnaKTH3au,iiii PHK h 6enica Ha 5’-KOime uenn 
PHK. 

Pacna^ 45 S PHK Ha 6onee KOpOTKHe OTpe3KH, HBJieHne C03peBaHHn pPHK hjih 
npopeccHHr, npOHexoflHT nocne 3aBepmeHHn TpaHCKpHnu,HH. (PepMeHTaTHBHBiH 
MexaHH3M 3Toro nBneHHn eme %o KOHpa He nceH, b hcm npHHHMaeT ynacrae 3h/io- ii 
3K30HyKnea3Bi. npn stom nponcxoflHT nocnenoBaTenbiioe pacuiennemie npe-pPHK 
Ha (jDpameHTBi h nacTHHHaa nerpanaunH ynacTKOB PHK Ha sthx cj) pa men Tax. B 
pe3ynBTaTe npoueccinira npe-pPHK npHMepHO 50% nyKneoTunoB nepBHHHO 
CHHTe3HpOBaHHOH MoneKynti OTmennneTcn (moh. Bee 45 S PHK cocTaBnneT 4,6 x 10 6 , 
a cyMMapHBiH moh. Bee 3penBix pPHK oxono 2,2 x 10 6 ) (pnc. 86). 

TaKHM o6pa30M, b nflptmiKe noKanroyiOTcn cnenyiounie ocHOBHBie 
npeAHiecTBeHHHKH phSocom: 1. TpaHCKpunTbi pPHK b npopecce hx pocTa; 2. 80S 
PHn, coflepncamne 45 S PHK, ohh MoryT cocTaBnaTB ^o 10-20% Bcex PHn 
nflpBiniKa; 3. 55 S PHn, npeflmecTBeHHHKH SontmoH cySte/iHHHpBi, MoryT 
cocTaBnnTB ro 70-80% Bcex PHn n^pBiuiKa; BpeMn co3peBaHHH Sonbuion 
p moo com no h cy6’LeflHHHu,Bi 3aHHMaeT oxono onnoro naca; 4. Heapenbie Manbie (40S 
PHn) cy6BeflHHHu,bi phSocom, StiCTpo (3a 15-30 mhh) noKH^aiomHe n^ptmiKO. 

B IIHTeHCHBHO (jDyHKH,HOHHpyiOIIlHX HflpBIHIKaX npOHCXOflHT CIIHTe3 orpOMHoro 

HHcna phSocom: 1500-3000 HiTyK b MHHyTy. nosTOMy b n^pBiniKe HacHHTbiBaeTcn 
oxono 5 x 10 4 npeflmecTBeHHHKOB phSocom. 

CTpyKTvpa HupbiniKa 

O tohkom CTpoeHini n^pbiuiKa CBenenna 6bljih nonyneHbi rnaBHBiM o6pa30M 
MCTonoM aneKTpOHHOH MHKpocKomiH. CBCTOBaa MHKpocKonHn naBana 
orpaHHHeHHBiH Ha6op CBe^eHiiH o CTpyKType H,npBimKa H3-3a hx Manoro pa3Mepa (1- 
5 mkm) h HeflOCTaTOHHOH pa3pemaiOHieH chocoShocth ^aHHoro MeTO^a. H3 
npH5KH3HeHHBix naOmoneiniM obino bh^ho, hto anpbiujKii oSnanaiOT bbicokoh 
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njiOTHOCTbK) h bbicoxhm CBeTonpenoMJieHHeM. B hx CTpyKType aaace npHacH3HeHHO 
BH^Ha HexoTOpaa HeoaHopoaHOCTb: omicbiBajiHCb HHTnaTbie (HyKJieoaoHeMbi), 

rpaHyaapHbie KOMnoHeHTbi (HyKJieojiHHH), a Taxace CBeTJibie 30 iibi - “BaKyojm”. 
r HCTOXHMHHecKH b aapbimxax BbiaBJiajiacb PHK, ho He 7IHK. ^HK b aapbimxax 
BbiaBJiajiacb jiiihib b n e p h cj) e p m h e c ko h hx 30He b BHae t.h. oxojioaapbim ko b o ro 
xpOMaTHHa, KOTOpbiH Mor npHJieacaTb k ohiiom H3 ctopoh aapbimxa, oxpyacaTb ero 
KOJlbH,OM, HJIH BOOSme OTCyTCTBOBaTb. CHHTanOCb, HTO OKOJIOaapbIHIKOBblH 
xpOMaTHH npeacTaBJiaeT co6oh reTepoxpOMaTHHOBbie 30Hbi. KpOMe Toro 6buio 
HanaeHO, hto aapbiuixn hmciot HexoTOpoe cpoacTBO k cojiaM cepeSpa, oSjiaaaiOT 
apreHTO (jiHJiHeH, Moryr BOCCTanaBH n BaTb cepeopo H3 pa3JiHHHbix pacTBOpOB (HHTpaT 
cepeSpa, “aMMiiamioe cepeSpo”, npoTeinuiTBi cepeSpa). npH 3 tom nponcxoaHT 
OTHO/Kenne TeMHbix ocaaxoB HCKJiiOHHTejibHO b aapbimxax HHTep(|)a3Hbix KjICtok, a 
Taxace b aapbimxoBbix opraHH3aTOpax Ha m h tot h h e c x h x xpOMOCOMax npH aeaennn 
XJieTXH. 

IlepBbie aaexTpOHHOMHxpocxomiHecxne paOoTbi noxa3ajiH, hto aapbmixii caMbix 
p 33 JIHHHbIX oSbeXTOB HeCMOTpa Ha HX pa3H006pa3He, nOCTpOeHbl H3 OaHHaXOBbIX 
xoMnoHeHTOB : rpaHynapHoro h (JmOpHjniapHoro (pnc. 87). npH ttom rpanyabi b 
cocTaBe aapbimex hmcjih pa3Mepbi 15-20 hm h 6buiH He coH3MepHMO MeHbuie Tex 
“rpaHya”, hto 6bijih bhthbt b cbctobom MHxpocxone. KpOMe rpaHyn b cocTaBe 
aapbimex oSHapyacHJiH 30hbi cxonjieHHa tohxhx (3-5 hm) (jmSpHJiJi - aH(j)(J)y3Haa 
nacTb aapbimex. B3aHMHoe pacnoHoacemie rpanyrapnbix h (JmSpHJiJiapHbix 30H b 
aapbimxe mo'/XCt 6bitb pa3JiHHHbiM. Tax, b HexoTOpbix cnynaax, (|) h 6p h ji nap hm i \ 
xoMnoHeHT 33HHMaeT ueiiTpaaBnyio nacTb aapbimxa b mine oanopoanoro 
o6pa30BaHHa (nenenb axcojiOTJia, MHonie aapbiuixn pacTHTejibHbix MepHCTeM) hjih b 
BHae Hecxojibxiix (3-5) OTaejibHbix 30H (pnc. 88). 

OSbiHHO rpaHyjiHpHbiii KOMnoHeHT (TK) pacnonoaceH Ha nepncjiepHH aapbimxa, 
ho BCTpenaiOTCH cjiynan, xoraa (fmSpHJiJiapHbiH h rpanyaapiiBiH xoMnoHeHT 
pacnpeaeaeiiBi b aapbimxe paBHOMepHO. BacTO b CTpyxType aapbimex {JmSpHjijiapHO- 
rpaHynapHbie xoMnoHeHTbi o6pa3yK)T HHTnaTbie CTpyxTypbi, HyxjieonoHeMbi 
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(a^pBiniKOBBie hhth), TOJiinnHOH okojio 100-200 hm. 3th HyKJieojiOHeMBi npn 
flOCTaTOHHOM KOHTpaCTHpOBaHHH MOryT 6bITb BHflHbl flaace B CBeTOBOM MHKpOCKOne. 
^IflpbiniKOBbie hhth huh HicyjieojiOHeMbi Taxace HeoflHOpOflHbi no CBoeMy CTpoeHHio: 
b hhx KpOMe rpaHyn 15 hm, bxoaht miio'/KCCtbo tohkhx (|>h6phjiji, KOTOpbie MoryT 
o6pa30BbiBaTb b HyKJieonoHeMax OTflenbHbie crymenna. 

HeoflHOpOflHOH OKa3anacb CTpyKTypa h flH(J)(|)y3Horo, cfmopnnnapnoro 
KOMnoHeHTa. Ebino HaiifleHO, hto npaKTHnecKH bo Bcex Tnnax aflpbimeK Kax 
acHBOTHbix, Tax h pacTHTeabHbix oSbeKTOB BCTpenaiOTca t.h. (j)ii6pnjiJiHpHbie 
peHTpbi ((PH,), ynacTKH CKonaeHHa (JmOpnnn c hh3koh arieKTpOHHOH nnoTHOCTbio, 
OKpyaceHHbie 30hoh (jmOpHnn 6ojiee BbicoKoil rneKTpOHHOH nnoTHOCTH - iuiothwh 
cJ)ii6pMaaHpHbiM KOMnoHeHT (ITOK). 

KpOMe rpaHyn h (J)H6pHJinapHbix ynacTKOB b CTpyKType aflpbimKa 
o6napy>KHBaiOTca xpOMaraHOBbie KOMnoHeHTbi: TaKne xax OKonoaflpbiiHKOBbin 

xpOMamH, KOTOpbiH MO/K6T npHMbiKaTb k aflpbiiHKy h flaace OKpyacaTb ero. HacTO 30 
hm (j)n6pnnnbi xpOMamHa no nepH(j)epHH aflpbimKa 3axoflaT b naKyHbi, Meacfly 
HyKneonoHeMHbiMH ynacTKaMH. 

HaKOHen,, b cocTaBe aflpbimKa BbiaBnaeTca SenKOBbiil octob, MaTpHKC . Ha 
yjibTpaTOHKHx cpe3ax Heo6pa6oTaHHbix aflpbimeK MaTpHKC He BbiaBnaeTca b BHfle 
OTflenbHoro KOMnoHeHTa, ho ecnn TKCTparnpOBaTb H3 aflpbimeK PHK, /1HK h 6enKH, 
CBa3aHHbie c hhmh, to Moaoio BHfleTb, hto aflpbimKO KaK TaKOBoe, He pacnaflaeTca, 
He TepaeT CBoeii o6meii (J)opMbi. nocne tbkhx o6pa6oTOK CTpyKTypa aflpbimKa 
npeflCTaBneHa pbixnoii (jmSpHnnapHoi! ceTbio, 3anonHaiomeH o6beM aflpbimKa. 

TaKHM o6pa30M, b CTpyKType aflpbimeK Moaoio pamminTb cneflyiomHe naTb 
KOMnoHeHTOB : rpaHynapHbiii, cjmopnnflapnLie ueiiTpbi, nnoTHbiii (jMOpHnnapHbiH 
KOMnoHeHT, xpOMamH, SenKOBbiii cemaTbiH MaTpHKC. 

KaKHM ace o6pa30M pacnpefleneHbi BHyTpn aflpbimeK p,ZI,HK, pPHK h 6enKH, rfle 
pacnonaraiOTca MaTpHpbi flna CHHTe3a pPHK, rfle nepBnmibie TpaHCKpHnTbi, rfle 
npeflmecTBeHHHKH pnOocoM, 3penbie pnOocoMbi - Bee tth Bonpocbi 6binn pemeHbi c 
npHMeHeHneM caMbix pa3HOo6pa3Hbix MoneicynapHO-SHonorHHecKHx n 


172 



iIHTOJiorHHecKHx MeTOflOB. OflHH H3 3thx MeToaoB, - Meroa perpeccHBHoro 
oxpaiHHBamin HyKJieHHOBbix khcjiot, ocHOBaH Ha tom, hto hohbi ypaHHJia, 
CBM3aHHbie c ^HK, 6onee jierKO BbiMbiBaiOTcn co cpe30B npn o6pa6oTKe hx 
xejiaTOHOM 3,ZI,TA, hcm hohbi, CBnaammie c PHK. 3to no3BonneT pamiiHiiTb b nape 
njiOTHbie OKpameHHbie CTpyKiypbi, coaepncanme PHK h CTpyKTypbi noTepnBmue 
OKpacKy, Te hto coaepncaT ^HK. Tax b pa3HOo6pa3Hbix nnpax ynacTXH xpOMaTHHa 
xax xoHaeHCHpOBaHHoro, Tax h aH(J)(|)y3Horo TepniOT oxpacxy, a xoMnoHeHTbi, 
coaepncanme PHK - coxpanmoT. B nape npn stom xoHTpacTHO BbiaenniOTcn 
pa3HOo6pa3Hbie PHn, coaepncamnecn b ochobhom oSbeMe napa h napbimxa. npH 
3TOM B napbimxax HHTeHCHBHO OXpaHieHbl MHOTOHHCJieHHbie TpaHyjIbl, OHH 
oxpameHbi Tax nee, xax phSocombi u,HTonjia3Mbi. OxpameHHbiM nBJineTcn mom bin 
(jmSpHnnnpHbiH xoMnoHeHT, (J)H6pHJiJinpHbie ueiiTpbi oxpameHbi cna6ee, a 
BHyTpHnapbimXOBblH H OXOJIOnapbimXOBblH XpOMaTHH BblTJinanT CBeTJIbIMH. 
CneaoBaTejibHO motxho npeanononarrb, hto xax rpaHynnpHbiH xoMnoHeHT, xoTOpbin 
exopee Bcero npeacTaBJineT cy6beaHHHH,bi phSocom, Tax h hjiothbih (jmSpHJiJinpHbiH 
xoMnoHeHT coaepncaT PHK. 

Tax npn xopOTxoii nyjibcoBoii MeTxe TpHTHpOBaHHbiM ypnamiOM (’H-ypmHn), 
nepBbie cneabi Mere nun o6napy>xH Ban hc b c nan an a (nepea 1-15 mhh) b nnoTHOM 
(jmSpHnnnpHOM xoMnoHeHTe (n<I>K), a 3aTeM (ao 30 mhh) MeneHbiM oxa3biBancn 
rpaHynnpHbiH xoMnoHeHT (TK). BancHO otmcthtb, hto b cjmopmnnpnbix ueiiTpax 
(OIJ,) MeTxa He o6napy>xHBanacb. H 3 stoto naSnioaemin 6bin caenaH BbiBoa, hto 45 S 
npe-pPHK CHHTe3HpyeTcn b oSnacTH nnoTHoro (jmSpHnnnpHoro xoMnoHeHTa, a 
rpaHynnpHbiH xoMnoHeHT napbimxa eooTBeTCTByeT npepnoocoMiibiM HacmmaM 
(55S-, 40S PHn). 

OcTaBancn OTxpbiTbiM Bonpoc o npnpoae (jmSpHnnnpHbix ueimpoB, oxpynceHHbix 
nnoTHbiMH P H K - c oa e p >x a m h m h cjmSpHnnaMH. Ebino oonapy>xeno c noMombio 
pa3nHHHbix MeToaoB (cneu,Hc{)HHecxoe oxpamHBaHHe c noMombio ocMHH-aMHHa, 
^HKasbi, MeHeHHoii 3onoTOM, CBn3biBaHHeM MeneHoro axTHHOMHu,HHa, npnMoii 
MonexynnpHoii THOpHaroaiiHeH c Mere noil p^HK), hto b cocTaBe (J)H6pHnnnpHbix 
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ueiiTpoB naxo^HTCH ^HK, OTBeTCTBennaa 3a cmiitcb pPHK. 3ohbi cliHopMJuiapnBix 
peHTpOB OTJlMHaiOTCH OT OCTaJIBHOTO XpOMaTHHa TeM, HTO COCTOHT H3 TOHKIiX 
XpOMaTHHOBBIX (f)H6pHJTJI, 3HaHHTeJIBHO oSepHCHHBIX THCTOHOM HI (hto noKa3aHO c 
noMombio Me L iemibix kojijiohphbim 30jiotom aiiTHTea). 

3th HCcaeaoBaiiHH no3BOJiHJiH CBaaaTB apyr c ppyroM aannbie MOJieKyjiapHOH 
opraHH3au,HH TpaHCKpHOnpyeMBix ph6ocomhbix tchob c paHHBiMH MOp(J)onornH 
appBimeK h BBiacHHTB TonojiorHK) b oSbeMe a^pBiHixa npopecca CHHTe3a 
Ph6ocomhoh PHK h o6pa30BaHHa phSocom. 

no MO^ejiH, npepjioaceHHOH )KocceHOM (1984), b (j)H6pHJiJiapHBix peHTpax 
pacnojiojKeHBi HeaKTHBHBie ph6ocomhbic reHBi h, bo3mo>kho, cneHcepHBie ynacTKH. 
TpaHCKpimpiia npe-pPHK nponcxopHT no nepHcjiepini (jDnSpnjiJiapHbix pempoB, rpe 
nnoTHBiH (jDnSpnjiJiapHBiH KOMnoHeHT h npepcTaBJiaeT co6on 45 S npe-pPHK, 
pacnonaraiOHpiecfl b BHpe “enoHex” Ha pexoHpeHCHpOBaHHBix ynacTxax p/IHK (pnc. 
89). nocae 3aBepmeHHa TpaHCxpunpini 45 S PHK TepaeT cbh3b c TpaHexpHnpHOHHOH 
epumipeH Ha /1HK b 30He miOTHoro (J)H6pHJiJiapHoro KOMnoHeHTa, KaKHM-TO eipe 
HenoHaTHBiM o6pa30M nepexopHT b rpanyrapnyio 30Hy, rpe h nponcxopHT 
npopeccHHr pPHK, o6pa30Bamie h co3peBaHHe phSocomhbix cySbepHHHp. 

OHSpHJIJIHpHblH UeHTp H HiipblHIKOBBIH OpraHH3aTOp 

CTpoeHne h xHMHwecKne xapaxTepncraxH (PH, OKa3anHCB n p a kt m l i e c k h 
O pHHaKOBBIMH C TaKOBBIMH flppBIIHXOBBIX OpraHH3aTOpOB MHTOTHHe CKHX XpOMOCOM. 
H Te h ppyrne nocTpoeHbi H3 tccho accopHiipOBaHHbix (J)h6phjiji, tojhphhoh 6-10 
hm; h Te h ppyrne oSnapaiOT xapaxTepHOH ocooemiocTBio - OKpaniHBaTBca cojihmh 
cepeopa, hto 3aBHCHT ot HajiHHHa ocoobix appbimxoBBix SenxoB, copepacar PHK- 
nojiHMepa3y I. 

OpuaKO hhcjio OH, b HHTep(|)a3HBix appbinixax, He eooTBeTCTByeT HHCJiy 
appBiniKOBBix oprammTOpOB b MHT03e. Tax b xneTxax KynBTypBi Cn3B hhcjio (PH, 
motxct 6bitb b 2-4 pa3a BBiuie, hcm hhcjio appBimxoBBix opraHH3aTopoB (cm. Ta6ji. 
11 ). 
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Ta6nHu,a 11. Kojihhcctbo a^pbimeK (51K), (JmSpHaaflpHBix ueiiTpoB (OIJ,) b Go- m 
G 2-nepHO^ax h bo BpeMa MHT03a 



Cpe^Hee 

Cpe^Hee 

OSmiiH 

06ih;hh 

CpeaiiHH 


HHCJIO 

HHCJIO 

o6bcm 

o6bcm 

o6bcm 


ilK 

c DU, 

ilK, mkm 3 

ou,, 

o/iHoro 





MKM 3 

OIJ, 

G 0 - 

2,3 

7 

8,05 

0,212 

MKM 3 

0,033 

nepHOfl 

g 2 - 

2,3 

33,7 

23,43 

0,430 

0,014 

nepHOfl 

MHT03 


6-8 


0,2 

0,025 


Bonee Toro, kojihhcctbo OH, B03pacTaeT no Mepe yBennneHna nnon^HOCTH kjictkh 
(G 2, 4n) n TpaHCKpimpnoHHOH ee aKTHBHOCTH. Ilpn 3 tom yMeiibniaeTCH bcjhih una 
KajK^oro OT^enBHoro (jDnSpnjiJiapHoro neiiTpa. OjniaKO cyMMapHBie oBbcmbi OU, npn 
nepecneTe Ha rannon^Hbin xpOMOCOMHbin Ha6op ocTaiOTCH nocToaHHbiMH b 
HHT ep(j)a3e, ho npeBbimaiOT 3 to hhcjio B^Boe no cpaBHeHHio MeTa(J)a30H. /IpyrHMH 
cnoBaMH npn aKTHBau,HH CHHTe3a pPHK HaSmoflaeTca Taicoe H3MeHeHne HHCJia <J>U, h 
hx pa3MepOB, KOTOpoe motkct roBOpHTB o KaKOH-TO <J)p arMeHT au,HH H CXOH II BIX OI], B 
OTHOCHTeJIBHO MaJIO aKTHBHBIX flflpBIIHKaX. 

npoTHBonoHO/Kiiaa KapTHiia naSnionaeTCH npn 3aryxaHHH chhtcthhcckhx 
npopeccoB b ^H(|)(|)epeHu,HpyK)HiHxca KneTKax apHTpon^Horo pa^a mbihich (Ta6n. 
12). npH 3TOM BHHIIO, HTO B p a 3 M 1 1 0 >K a K) UHI X C H H aKTHBHO CHHTe3HpyK)HIHX 
reMoraoSHH n poap ht poSnacTax kojihhcctbo (jiiiOpmuHipiiBix ueiiTpoB 3aBHCHT ot 
nnoH^HOCTH KJieTKH (88 b Grease, 118 b G 2 -(J)a3e KJieTOHHoro piiKJia), pa3Mep 
PTH/THBH/Ty ajTBHBTx OH, imieiiHCTCJi Mano. nocjie npeKpameiniH pa3MiiO/KeiiiiH sthx 
KJieTOK h naneiiiiii hx chhtcthhcckoh aKTHBHO cth pe3KO MeiiaiOTCH napaMeTpbi 
a^pbiHiKa. Hx o6bcm, y>xe HaHHHan co ctb^hh 6a30(J)HJiBHoro 3pmpo6jiacTa 
yMeHBHiaeTca b 4-5 pa3, a Ha kohchhoh CTa^HH ^H(J)(J)epeHu,HpoBKH (HOpMoSjiacT) - b 
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cothk) pa3. IIpH 3 tom pe3KO napaeT hhcjio OU, (10-40 pa3) h B03pacTaeT o6beM 
non™ b 10 pa3 BejiHHHHBi OTpejibHoro (J)ii6pHJiJiapHoro ueiiTpa. 

Ta6jinua 12. Kojihhcctbo (f)H6pHJunipHbix peHTpOB (OH,) h 3HaneHHa hx pa3MepoB 
npii 3pHTpono33e b neneHH 3apoa,Bimeii mbihih 


CTapna 

CpepHHH 

CpepHee 

CpepHHH 

CpepHHH 

CyMMapHbiH 

PH(j)(|)epeH- 

o6beM 

KOJI-BO 

pnaMeTp 

o6beM 

o6beM OH,, 

PHpOBKH 

appbiuieK, 

OH, 

OH,, MKM 3 

OH,, MKM 3 

MKM 3 


MKM 3 





npoapHTpoSjia 

17,7 

88 

0,2 

0,0042 

0,369 

CT (2 c /(HK) 
npoapHTpoSjia 

29,4 

118 

0,23 

0,0064 

0,749 

CT (4 c /(HK) 

Ea30(j)HJIbHbIH 

4,5 

8 

0,35 

0,0248 

0,170 

3pHTpo6aaCT 






(2 c /(HK) 

nOJIHXpOMaTO- 

0,5 

4,3 

0,4 

0,0259 

0,110 

(J)HJTbHbIH 

3pHTpo6jiacT 






(2 c /(HK) 
HopMoSnacT 

0,102 

2,7 

0,42 

0,04 

0,102 


(2 c A HK) 

Hcxopa H3 3 thx HaOjnopeHHH motkho Tax npepcTaBHTb o6myio cxeMy aKTMBamni h 
HHaKTHBapHH aapbiuiKa (pHC. 90) Ha npHMepe oanoro aapbiuiKOBoro opraHroaTOpa. 

B HeaKTHBHoii (J)opMe aapbiuiKOBbiH opraHH3aTOp npeacTaBaen b Biipe oanoro 
KpynHoro (j)H6pHJiJuipHoro ueiiTpa, BKjnowaiomero b ce6a KOMnaKTHO yncbKeHHyio 
nacTb penn xpOMOCOMHOH /(HK, Hecymeil TaHpeMHO pacnojicbKeHHbie pHSocoMHbie 
reHbi (TpancKpiinmioniibie eaiiinmbi). B nawaae aKTMBamni appbmiKa npoHCxopHT 
peKOHpeHcapiia p-reHOB Ha nepH(|)epHH Taxoro (jniSpHJunipHoro pempa, 3th p-reHbi 
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HammaiOT TpancKpuoHpoBaTbca, Ha hhx oopaayiOTca PHll-TpancKpiinTbi, KOTOpbie 
npii co3peBaHHH aaiOT Hanaao noaBaemno rpaHya - npeamecTBeHHHKOB phSocom no 
nepH(J)epHH aKTHBHpOBaHHoro aapbmiKa. IIo Mepe ycnaeHHa TpancKpunmi 11 eamibiM 
(J)H6pHJiJiapHbiH ueiiTp KaK 6bi pacnaaaeTca Ha paa 6oaee mchkhx (jmSpHaaapHbix 
peHTpOB, CBaiamibix apyr c apyroivi hojihoctbk) a e ko m n a kt h 30 b a n n bi m h ynacTKaMH 
p/)HK. HeM Bbirne TpaHCKpHnipiOHHaa aKTHBHOCTb aapbiniKa, tcm Soabine hhcjio 
MeaKHx, CBasamibix apyr c apyroxi cjmopMaaapnbix ueiiTpoB, OKpyaceHHbix naoTiibiM 
(J)H6pHJiJiapHbiM KOMnoHeHTOM (nOK), coaep’/KauiHM 45 S pPHK. IIpH nojiHOH 
aKTHBau,HH aapbiuixa Bee MeaKHe cjmSpiiaaapnbie ueiiTpbi aeKOiiaenciipyiOTca; b 
3tom caynae 30hbi naoTHoro (jmSpHaaapHoro KOMnoHeHTa coaepacaT bckd p^HK, 
naxoaamyioca b aKTHBHOM cocToamni. Taxaa CTpyKTypa naSaioaaeTca y 
aMnaH(j)Hu,HpOBaHHbix aapbimeK pacTymux oou,htob. B cayaae unaKTHBauHn 
aapbmiKa npoHexoaHT nocTeneHHaa KOHaeHcapHa p^HK, CHOBa o6pa3yiOTca 
(J)H6pHaaapHbie ueiiTpbi, ohii oSbeannaiOTca apyr c apyroM, Bean anna hx pacTeT 
napaaaeabHO yMeHbmeHiiio a ohm IIOK. IIpH noaHOH imaKTHBapiiH, KaK b caywae 
HOpMoSaacTOB, aapbmiKO npeacTaBaeHO oaHHM KpynHbiM (4-5 mkm) c (J) e p m h e c k h m 
OU,, 6e3 conyrcTByiomero TpaHCKpiimaHH IIOK: oho OKpyaceHO 30hoh 

KOHaeHCHpOBaHHOrO XpOMaTHHa. TaKOe HHaKTHBHpOBaHHOe aapblHIKO cxoaHO no 
CBOHM CTpyKTypHbIM OCOSeHHOCTaM C aapbIHIKOBbIM OpraHH3aTOpOM B COCTaBe 
MHTOTHHeCKHX XpOMOCOM. 

CTpVKTYpHbie THnbI aapbimeK 

IIpHBeaeHHbie Bbime omicamia aaiOT ocHOBy ana noHHMaHna pa3HOo6pa3Ha 
CTpoeHHa aapbimeK b KaeTKax c cooTBeTCTByiomHM ypOBHeM CHHTe3a pPHK. OaHaico 
KpOMe paaaHHiiOH CTeneHH BbipaaceHHOCTH rpaHyaapHoro h (fmSpHaaapHbix 
KOMnoHeHTOB cymecTByiOT h HHbie BapnanTbi CTpyKTypHOH opraHH3au,HH aapbimeK. 
OSbiHHO paaanwaiOT HecKoabKO CTpyKTypHbix TimoB aapbimeK: peTHKyaapHbin nan 
HyKaeoaoHeMHbiii, KOMnaKTHbiH, KoabneBiianbiH, ocaaTOHUbm (noKoaimiHca), 
cerpernpOBaHHbiii (pnc. 91). 
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PeTHKyjMpHMH Tun flflpBiniKa nanooaee xapaKTepeH a aa oonbininiCTBa kjictok, 
A aa Hero cbohctbchho HyKJieojiOHeMHoe CTpoeHHe, oSnaHe rpaHyji h 

(jmSpHaaapHoro njiOTHoro MaTepnaaa. Bo MHornx caynaax cjaiopiiHaapiibie ueiiTpri 
BbiaBaaiOTca naoxo, Bepoarao H3-3a Bbicoxoro ypOBHa TpaHCKpHnpHH. 3tot THn 
aapbimeK BCTpeaaeTca b Kaeraax acHBorabix h pacTeHHH. Tax, HanpHMep, 
peTHKyaapiibiH ran aapbiniKa, CBOHCTBeHHbiii rural itckhm noaiiTemibiM xpOMOCOMaM 
flByKpbiabix naceKOMbix, oneiib cxoaen c TaxoBbiM Ha rural itckhx xpOMOCOMax 
anranoanaabiibix khctok aw Mena. 

KoMnaxTHbiH ran aapbiniKa OTHHHaeTca ot npeabiaymero MeHbmeii 
BbipaaceHHOCTbio HyKaeoaoHeMbi, Soabineii nacTOTOH BCTpenaeMOcra 

(JmSpHaaapHbix ueiiTpoB. Tarae aapbiniKH xapaKTepHbi ana aKTHBHO 

pa3MHoacaK)HiHxca xaeTOK (Kaeran pacraTeabHbix MepncTeM, KaeTKH xyabTypbi 
TxaHH h ap.). Bepoarao, hto 06a 3th rana MoryT nepexoaHTb apyr b apyra, bo 
BcaxoM caynae, ohh name Bcero BCTpenaiOTca b Kneraax c bbicokhm ypOBHeM 
CHHTe3a PHK h 6eaxa. 

KoabueBiianbie aapbiniKH BCTpeaaiOTca b Kneraax acHBorabix. B cbctobom 
MHKpocKone ohh HMeroT (JiopMy Koabpa c onranecKH CBeTnoii peHTpaabHOH 30hoh - 
3to (|)H6pHaaapHbiH ueiiTp, oxpyaceHHbiH PHII-(j)H6pHaaaMH h rpaHyaaMH. Pa3Mep 
3rax aapbimeK cocTaBaaeT oxoao 1 mkm. Tunumibie KoabueBiianbie aapbiniKH 
xapaKTepHbi ana hhm(|)oi],htob, 3HaoTeanou,HTOB,T.e. ana KaeTOK c oraocHTeabHO 
HH3KHM ypOBHeM TpaHCKpHnU,HH. 

OcTaTOHHbie aapbiniKH xapaKTepHbi ana KneraK nonHOcraio noTepaBinux 
enoeoSHOCTb k CHHTe3y pPHK (HOpMoSnacrai, an(j)(})epeHii,HpoBaHHbie 3HTepoii,HTbi, 
Kaeran HinnoBaToro cnoa xoacHoro miiTenua h ap-)- Hacra ohh HacraabKO Maabi h 
Tax OKpyaceHbi KOHaeHCHpOBaHHbiM xpOMaraHOM, hto c TpyaoM oSHapyacHBaiOTca b 
CBeTOBOM MHKpocKone. B paae cayaaeB ohh MoryT CHOBa axmBHpOBaTbca h 
nepexoaHTb b KOMnaKrayio nan peraicynapHyio (jiopMy. 

C e r p e r h p o b a n n b i e aapbiniKH xapaKTepHbi ana khctok, o6pa6oTaHHbix 

p aaanHHbiMH a 1 1 t h 6 n o t h k a m m nan xhmhhc ckhmh BemecTBaMH, Bbi3biBaiOHiHMH 
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npeKpameHHe CHHTe3a pPHK (aKTHHOMnu,HH J\, aM(j)OTepHH,HH h ap.), a Taicace 

aHTHSHOTHKaMH, BaHJHOH],HMH Ha CHHTe3 /IHK H SeJIKOB (mHTOMHH,HH, nypOMHU,HH, 
MHorne KaHpeporeHbi h T.a.). TepMHH “cerperapHa” Hcnoab3yeTca b aaHHOM cayaae 
b cba3h c TeM, hto npoHcxopHT KaK 6bi pa3aeaeHHe, o6oco6jieHHe pa3HBix 
KOMnoHeHTOB aapbimeic, conpoBoacpaiomHeca nporpeccHBHtiM yMeHbmeHHeM ero 
oobeivia. IIpH 3 tom ooocooaaiOTca apyr ot apyra KpynHBie cjiMopnanapiibie ueiiTpbi h 
r p a n y a h p n o - (J ) h 6 p h a a h p n b i h KOMnoHeHT. 

EeaKH HjpbimeK 

J\o 60% cyxoro Beca Bbiaeaemibix a^pbimeK npuxoanTca Ha 6eaKH, ancao 
KOTOpbIX MO'/KCT COCTaBHflTb HeCKOabKO COT pa3HbIX BHaOB. IIOMHMO OCHKOB 
accopHHpoBaHHoro c aaptinucaMH xpOMaTHHa b cocTaB aapbimex BxoaaT 6eaKH 
Ph6ocom h cneu,H(J)HHecKHe aapuiHKOBbie 6eaKH, CBa3aHHbie c TpaHCKpHnpHeH 
pnSocoMHbix reHOB, c npopeccHHTOM 45 S pPHK, Taicne Rax PHK-noaHMepa3a I, 
(jDaxTOpbi TpaiiCKpiinmni, TonoH30Mepa3bi, MeTHaa3bi, HyKaea3bi, npoTeHHKHHa3bi, 
(|)0C(j)aTa3bi. HacTb aaptinixoBbix SeaxoB HMeeT cpoacTBO k cepeSpy, 
apreHTO(J)HabHbie oeaKn: PHK-noaHMepa3a I, (JrnxTop TpancKpiinmnni UBF, 

HyKaeoaHH (C-23), HyKaeocj)03MHH (HbiOMaTpHH nan B-23). 

ApreiiTOcjinana xapaicrepiia ana ochkob, oSorameinibix c y a b c|) r n a p n a b n b i m h , 
aHcyabcjinaiibiMH CBH3JIMH. KaK yace yKa3biBaaocb, hctkoh apreHTO(J)HaHeH oonanaiOT 
HHTep(|)a3Hbie aapbimxH h 30hm aapbiniKOBbix 0praHH3aT0p0B Ha m n tot n h e c k n x 
X pOMOCOMaX. 

CoScTBeHHO aapbiniKOBbie 6eaKH pacnonoaceHbi b cnepHcjiHnecRHx MecTax hx 
aKTHBHOCTH. Tab PHK-noaHMepa3a I h (jiaxTOp TpaiiCKpiinmni pPHK UBF 
pacnoaaraiOTca b (JmSpHnnapHbix ueiiTpax (OH} H/nan b naoTHOM (Jinopnnnapnoivi 

KOMnoHeHTe (nOK). 

Ag-(|)HabHbiM aBnaeTcn Taxace 6enox c Moa. BecoM 195 K,Z],a, npeacTaBnaiomHH 
co6oh 6oabuiyio cySbeannnny PHK-noaHMepa3bi I, yaacTByiomyio b CHHTe3e pPHK. 
3 tot 6eaox noxanroyeTca b 30He (jmSpHnnapHbix pempoB, no hx nepH(|>epHH. Ha 
naocKOCTHbix npenapaTax aapbimex apreHTO(J)HaHeH oSnanaiOT yaacTXH naa oceBoii 
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nacTbio «ejiOHeK», HenocpencTBeHHO Han pacnojio>KeHHeM rpaHyn PHK-nojiHMepa3bi 
I. KpOMe Toro, c noMombio h m m y ii o m o p cj) oa o r m h e ckhx mctohob PHK-nonHMepa3a I 
oonapy>KHBaeTCH b 30He aflpBiniKOBBix 0praHH3aT0p0B m htothh e ckhx xpomocom. 
3to oScTOHTeabCTBO He npoTiiBopeniiT namibiM o tom, hto bo BpeMa MHT03a 
TpaHCKpHnu,Ha nojiHOCTbio npeKpamaeTca. BepoHTiio, hto bo BpeMa MHT03a reHbi, 
HarpyjKeHHbie HeaKTHBHOH PHK-nojiHMepa30H I, nepeHOCHTca BecTe c Heio b 
ooaacTii HflpbmiKOBbix 0praHH3aT0p0B H3 o/ihoh KJieTOHHOH reHepapHH b npyryio. 

Cneu,H(J)HHecKHH HflpbimeK SejiOK (j)ii6pMJiJiapMH (B-36, m.b. 34 K^a) 

pacnojiaraeTCH b ITOK, rne oh ocymecTBjnieT npopeccHHT npe-pPHK b KOMnjieKce 
ApyrHMH PHPI, b cocTaB KOTOpbix BxoflHT U3 mhPHK, iieooxoaHMaH fljia HanajibHoro 
TTana npopeccHHra 45 S pPHK. <J>H6pHJinapHH oSHapyxcHBaeTcn TaioKe b ocTaTOHHbix 
HflpblHIKaX - B «HflpbIHIKOBOM MaTpHKCO). 

BejiOK C23 (110 K^a) hjih «HyKJieojiHH» jiOKajiH3yeTca b 30He njiOTHoro 
(|)H6pHJIJlHpHOrO KOMnOHeHTa H B (J) H 6 p H jIH H p II BI X HCIITpaX aapblUICK, HO TaK>Ke H B 
30HaX HflpbIHIKOBbIX OpTaHH3aTOpOB MHTOTHHeCKHX XpOMOCOM. ClieHO BBT 63 b 1 1 0 OH 
o6Hapy)KHBaeTCH kek Ha t p a 1 1 c k p h 6 h p y e m b i x , Tax h Ha iieaKTHBiibix ynacTxax 
pnSocoMHbix reHOB. B npenapaTax pacnjiacTaHHbix a^pbimeK oh oSHapymiBaeTCH 
1 1 an TpaHCKpHnpHOHHbiMH en,HHHu,aMH («ejiOHKaMH»), oh o6napy>Keii bo cjipaKHioix, 
conepxcamHx npenniecTBeHHHKH phSocom. <l)yHKu,HH ero no KOHpa He hchbi, xoth 
CT aJIO H3BeCTHO, HTO 063 OK C23 M02KCT HTpaTb Ba>KIiyiO CTpyKTypHyK) pOJIb B 
npopecce TpaHCKpHnpHH: oh cbohm N-kohu,om, Ha kotopom HaxonflTCH jiH3HHOBbie 
rpynnbi, CBH3biBaeTCH c HnpbiniKOBbiM xpombthhom, a C-kohu,om c 
T paHCKpHOnpyeMbiM cnencepOM (tsi) Ha 45 S pPHK. 

OSHapyxceHO, hto ttot Sejioic CBH3biBaeTCH He c /(HK TpaHCKpHnpHOHHOH 
enHHHpbi, a c AHK, HMeiomen HyKJieocoMHoe CTpoeHHe (BepOHTHO co cneHcepHbiMH 
ynacTKaMH). 

EejiOK B-23 (HyK3eocJ)03HH, m.b. 37 K^(a) c noMombio HMMyH0u,HT0XHMHHecKHx 
MeTonoB 30Ka3H30Baii b ooaacTii IIOK h, maBHbiM o6pa30M, b 30He rpaiiyanpuoro 
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KOMnoHeHTa. CwraeTca, hto B-23 ynacTByeT b npOMeacyTOHHbix h TepMHHaabHbix 
CTapnax 6iioreHe3a phSocom, h b TpaHcnopTe npe-pH6ocoM. 

Q6maH cxeMa pa6oTbi napbiiiiKa KaK cneunajibHoro JioKvca CHHTC3a pm6ocom 
npH CTaHOBJieHIIII CHHTe3a pPHK B HppblHIXaX Ha nOBepXHOCTH <t>H, npOHCXOAHT 
axTHBapna TpancKpunLuiomibix epiiimp, - CBaibiBaiiiie c (JiaxTOpaMH TpaHCxpunpini 
h PHK nojiHMepa3oii I, xoTOpaa nanHiiaeT CHHTbraaTb riepBumibiH TpancKpum 
pPHK. IIo Mepe npoxoacpeHHa nepBoii PHK-nonHMepa3bi I, Ha ocBoSoacpaioipeMCH 
ynacTKe TpancKpiinmionnoH epu nimbi capHTca caepyioipaa P HK-noan m e p a3 a h 
HaaiiHaeTca chhtc3 hoboh pPHK. OpHOBpeMeHHO h nocaepoBaTeabHO Ha ophom p- 
reHe Moryr naxopiiTbca po cothh PHK-noanMepa3 I, ot KOTOpbix otxopht 
TpaHCKpunTbi pa3HOH CTeneHii 3aBepmeHHOCTH. KonemibiM npopyxTOM aBJiaeTca 
npe-pPHK nan 45 S pPHK. no Mepe CHHTe3a pacTyipue penn pPHK opeBaiOTca 
pnSocoMHbiMH SeaxaMH, nocTynaioipiiMM b appo H3 miTonaaaMbi, Tax hto cpa3y 
o6pa3yiOTca pemi PHn-npepmecTBeHHHxoB. CoBOxynHOCTb npopyxTOB 
TpaHCKpHnpHH He ckojibkhx TpaHCKpHnpuoHHbix epmiiip o6pa3yeT BOKpyr <4>U, 30Hy 
nOK. KoHenHbiM npopyxTOM Taxoro CHHTe3a aBaaeTca pMOonyKaeonpoTeiipiibiH 
Taac, hjih raoSyaa, HMeioipaa xoHCTaHTy cepHMeHTapHH oxoao 80S, copepacaipaa 
opHy Moaexyay 45 S pPHK. nocae OTpeaeHHa 45 S pPHK b TepMimaabiion Tonxe 
TpaHexpHnpHOHHOH epHHHpbi npoHexopHT pacipenaeHHe - npopeccHHr 45 S pPHK, b 
xoHpe xoTOporo o6pa3yiOTca 40S h 60S pnoocoMiibie cySbepimiipbi. Chiitcb Maabix 
cySbepHHHp b appbimxe 3aHHMaeT npHMepHO 30 mhh, a Soabuinx - oxoao 1 h. B 
appbimxe He3peaaa 60S pii6ocoMiiaa cyObepninipa, xoMe pByx (JipameHTOB pPHK 
(28S h 5,8S) CBa3biBaeTca c TpeTbHM (5S), xoTOpbiH CHHTe3HpOBaaea He3aBHCHMO ot 
xpOMOCOM c appbiuixoBbiMH 0praHH3aT0paMH Ha ppyrnx xpOMOCOMax. Taxne 
HOBOo6pa30BaHHbie pnGocoMiibie cyObepHiiiipBi oco6bim o6pa30M BbixopaT H3 ap pa b 
PHTonaa3My nepe3 apepHbie nopbi. B pHTonaa3Me Taxne He3peabie phSocombi MoryT 
CBa3aTbea c ponoaHHTeabHbiMH SeaxaMH. 40S cyObepiniiipa CHanaaa CBa3biBaeTca c 
hPHK, h Toabxo 3aTeM c oohbhiom 60S cyObepmnmeH, o6pa3ya noaHyio 80S 
(J)yHxpHOHHpyiomyK) p moo com y (pHC. 92). 
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HoBbie. HeKaHOHHqecKHe 4 >vhkuhh HjpbimeK 

nocneflHHe ^aHHLie noxa3biBaiOT, hto KpOMe cnHTe3a pPHK, aflptiniKO ynacTByeT 
bo mhothx flpyrnx acnexTax axcnpeccHH reHOB. 

IlepBBie HaMexH (1965) Ha npH3HaxH nojnicf)yHxii,HOHajibHOCTH a^pBimeK 6bijih 
nojiyneHti npn H3yHennn reTepoxapHOHOB. Tax npH cjihjihhh HejiOBenecxHx xjieTOx 
HeLa c apmpopHTaMH xyp 6bijih nojiyneHti reTepoxapHOHbi c nepBOHanajibHO 
coBepmeHHO pa3HMMH napaMH. 5Inpa xjieTOx HeLa 6bijih (J)ynKLuionaabno axTHBHbi, 
B HHX HieJI CHHTe3 pa3H006pa3HbIX PHK. Hcxoailbie Hapa 3pHTpOH,HTOB xyp 
coflep>xajiH CBepxxoHfleHCHpOBaHHbiH xpOMaTHH, He coflep>xajiH a^pbimex h He 
TpaHCxpH6HpOBajiHCb. B reTepoxapHOHe nocjie cjihahhii c HeLa xjieTxaMH b pax 
3pHTpOU,HTOB Xyp XpOMaTHH HaHHHaJI ^eXOHfleHCHpOBaTbCa, aXTHBHpOBaJiaCb 
TpaHCxpHnu,Ha, noflBjnuiHCb aapbiuiKii. H m m y h o h,htoxh m hh e c x h m m MCToaaMH 
H3yHanocb noHBaenne b reTepoxapHOHax SenxoB, xapaxTepHbix xypHHbix 

xjieTOx. HecMOTpa Ha to, hto b xjieTxax HeLa 6biJia roTOBaa CHCTeMa 
(J)yHXU,HOHHpOBaHHa pHSoCOM H 6bIJlH C(J)OpMHpOBaHbI flflpblHIXH, nOMBJieHHe 
xypHHbix 6enxoB 6bijio OTJioxeHO no Tex nop noxa He B03HHXHyT MflpbimxH b nap ax 
3pHTpOU,HTOB. 3t0 03HaHaJI0, HTO HflpbIHIXO XypHHOTO 3pHTpOU,HTa XaX-TO HOjT/XIIO 
BOBJiexaTbca b o6pa30BaHHe xypHHbix hPHK, T.e. a^pbinixo ^ojhxho iirpaTb xaxyio-TO 
pojib b npoflyxpHH xypHHbix hPHK. 

no3/inee 6biJiH HaxonjieHbi namibie b nonnep>xxy stoh bo3mo>xhocth. Bbijio 
o6Hapy>xeHO, hto co3peBaHne (enjiaHCHpOBamie, cm. HH>xe) c-myc hPHK b xjieTxax 
MJiexonHTaiOHiHx npoiicxonuT b aflpbimxax. B Hflpbimxax o6napy>xeiibi 
cnjiaiicocoMHbie Majibie PHK (sn PHK), (jiaxTOpbi enjiaiiCHHra npe-nPHK. 

^ajiee b aflpbimxax oSHapyncHBaiOTai PHK, BxonamHe b SRP-nacTHiibi, 
ynacTByiOHiHe b CHHTe3e SenxoB b 3 i i n o n n ai m bt h h e c ko m peraxyiiyMe. C H^pbinixoM 
oxa3anacb accou,HHpOBaHa PHK TenoMepa3bi - pHSoHyxjieonpoTeHna (oSpaTHan 
TpaHCxpHnTa3a). Mhoto ecTb namibix o jioxajiH3au,HH b aflpbimxax npiieccmira 
Majibix aflepHbix PHK, BxonumHx b cocTaB cnjiaiicocoM, h na>xe o npopeccHHre 
tPHK. 
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flupbllllKO BO BpeMH MHTQ3a: nepH^)epHHeCKHH XpOMOCOMHblH MBTepHaJI 

B CBeTOBOM MHKpOCKOIie HUpBIHIXO BBMBJiaeTCM BO BpeMM HHTep(j)a3BI, B 
MHTOTHHCCXHX KJieTKaX OHO HCHC3aeT. npH HCn0JIB30BaHHH U,eilTpa(J)epHOH 
MHKpOKHHOCBeMKH mo>kho HaSjnouaTB b >KHBbix KJieTKax Kax no Mepe 
KOHfleHCapHH XpOMOCOM B HHTep(J)a3e npOHCXOflHT HCHC3HOBCHHC MflpBIHIKa. 
CHanajia oho cjierKa yrniOTHneTOi, ho 3aTeM ko BpeMeHH pa3ptiBa a^epHOH 
oSojiohkh naHHiiaeT ObiCTpo TepaTb hjiothoctb, CTanoBiiTCu pbixjibim h Ha raa3ax 
StiCTpo Hcne3aeT, Kax 6bi TaeT. IIpH stom bh^ho, hto nacTB nupbinixoBoro 
MaTepnajia pacTexaeTCn Moxuy xpOMOCOMaMH. B MeTacJme h aHa(J)a3e xupbmixH 
xax TaxoBbie OTcyTCTByiOT. IlepBbie npH3Haxn hobbix nupBimex nouBjunoTCJi 
nocjie cpeuneii TejiocJ)a3Bi, Kor.ua y>xe uocTaToino pa3pBixjiHJiHCb xpomocombi 
UOHepiiHx auep, h Me 10 him e noByio auepnyio oSojionxy. B sto BpeMa b6jih3h 
uexoHueHCHpyromHxca xpomocom nouBjnnoTCH nnoTHbie Tejibpa 
npeu'MupBimxH. 06bihho hx hhcjio Bbirne, neM hhcjio nupbiHixa b HHTep(J)a3e. 
rio3unee y>xe b Gi-nepnoue xjieTOHHoro pnxjia npeutaupBiuiKH pacryT, 
HaHHHaKDT oobcuhihitbch upyr c upyroM, hx oornee hhcjio nauaeT, ho cyMMapHBiH 
oSteM B03pacTaeT. 06ihhh oSbeM aupbinixa yuBaHBaeTCH b S-G2-(J)a3ax. B 
HexoTOpBix cjiynanx b npocj)a3e (xyjiBTypBi xjieTOx nenoBexa) npn Konuencamni 
xpomocom xpynHBie aupBimxH pacnauaiOTCH Ha 6ojiee mchkhc, xoTOpBie b miitoic 
HCHe3aiOT. 

Ha caMOM ueue HHxaxoro nojiHoro HCHe3H0BeHHa, hjih «pacTBOpeHHs» 
aupBiHixa hct: npoMCxounT H3MeHeHHe ero CTpyxTypBi, peuyxn,HH ounoii nacTH 
ero xoMnoHeHTOB npn coxpaHeHHH upyroii. Tax 6bijio noxa3aHO, hto 
apreHTO(j)HJiBHBie rpaHyjiBi b HHTep(|)a3HBix nupBimxax, o6Hapy>xHBaeMBie b 
CBeTOBOM MHxpocxone HanHHaiOT b npo(J)a3e cjiHBaTBca upyr c upyroM, 
OUHOBpeMeHHO yMCHBHiaXCB B oSbeMe, MHHHMaJIBHBIH pa3Mep OHH 3aHHMaiOT B 
MeTacJ)a3e, jioxajiroyflCB b 30Hax hupbiuikobbix 0praHH3aT0p0B xpomocom. B 
TaxoM BHue ohh cymecTByiOT uo cpeuHeii Tejio(J)a3Bi, xorua bbhibjhhotch b BH^e 
OTuejiBHBix Mno/xecTBcniibix «npeubaupBimex», pa36pocaHHBix cpeun 
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flCKOHflCHCHpOBaHHBIX XpOMOCOM. Y>Ke B KOHU,e TeJIO(|)a3BI TaKHe 
apreHTO(j)HJiBHbie npefl'BJmpBiiHKH naHnnaiOT pacra. TaKHM o6pa30M mo>kho 
BHflCTB, HTO BO BpeMH MHT03a HCHC3HOBCHHK) nOflBepraeTCfl TOJIBKO HaCTB 
a^pBiniKOBoro KOMnoHeHTa, b to BpeMJi kbk apreHTOcjiHJiBHBiH KOMnoHeHT 
coxparoieTCfl, nocTOiiHHO cymecTByeT bo BpeMii MHT03a h nepeHOCHTCii Ha 
xpOMOCOMax b flonepHHe flflpa. 

P a^HoaBTorpacjDHHe ckhmh HCCJieflOBamniMH 6bijio noKa3aHO, hto 

Hcne3HOBeHHe HflpBimeK coBna^aeT c npeKpameHHeM CHHTe3a kjictohhoh (b 
ochobhom ph6ocomhoh) PHK, KOTOpbiH B03o6HOBJiaeTCM b no3flHeii Teno(J)a3e, 
coBna^aa no BpeMeHH c noiiBJieHHeM hobbix aflpBimeK. 

KpOMe toto 6bijio o6napy>Keno, hto aKTHBHOCTB PHK-nojiHMepa3Bi I TaioKe 
Hcne3aeT Ha cpeflHHx CTa^nax MHT03a. 3 to ^aBajio ocHOBaHne cwraTB, hto 
HOBO o6pa30BaHHe HApBimeK CBinaHO c BoccTaHOBJieHne CHHTe3a pPHK b 
HOH epmix KJieTKax. 

Ho c flpyroii ctopohbi cymecTByiOT (J)aKTBi, yKaiBiBaiomne Ha nepMaHeirraoe, 
nocTOHHHoe npHcyTCTBne h^pbihikobbix komhohchtob TeneHne Bcero KJieTOHHoro 
u,HKJia. 3 to othochtch k Ag-(|)HJiBHOMy MaTepnajiy aapBiuieK b nepByK) onepe^B. 

H,htojioth Hanajia XX bckb nacTO naSaioaaaH bo BpeMn MHT03a noHBaemie 
KaKoro-TO HexpOMaTHHOBoro MaTepHajia, OKpy>Kaiouiero Ka/Knyio xpOMOCOMy. 
3tOT MaTepnaJI HUH «MaTpHKC» MHTOTHHeCKHX XpOMOCOM, KTK CHHTaJIH, MOT 
HMeTB HflpBIHIKOBOe npOHCXO'/KHeilHe H ero pOJIB MOTJia 3aKJIK)HaTBCH B TOM, HTO 
OH M05KCT CJiy>KHTB HCTOHHHKOM HOBBIX flflpBIHICK B flOHepHHX flflpax nOCJie 
MHT03a. 

3neKTpOHHaiI MHKpOCKOnHH nOKa3aJia, HTO «MaTpHKC» - HeXpOMaTHHOBBIH 
KOMnOHeHT MHTOTHHeCKHX XpOMOCOM, COCTOHIHHH H3 CKOnJICHHH pBIXJIO 
pacnoHO/KcmiBix (jmSpHUJi h rpaHyji, hmckhhhx pHOonyKaeonpoTCHanyio 
npupoay, MOp(J)OJIOTHHeCKH CXOflHBIX C KOMnOHeHTaMH, BXOflHIHHMH B COCTaB 
IHITCp(})a3nBIX HflpBIHieK, BBHIBHaCTCH B yCJIOBHHX KOH/jeHCaU,HH MHTOTHHeCKHX 
XpOMOCOM KaK paCTHTeJIBHOTO, TaK H 5KHBOTHOTO npOHCXO'/KHCIHHI. npH 3TOM 
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ne koto pwe KOMnoneiiTbi aapumeK anccominpyiOT n yxoaaT b u,HTonaa3My 
(Soabinaa nacTb PHn-nacTim,), b to BpeMa KaK apyrne TecHO CBiribiBaiOTca c 
noBepxHOCTbK) xpOMOCOM, oopasya ocHOBy «MaTpnKca» hjth, kbk ttot 
KOMnoHeHT Tenepb Ha3biBaK)T, ocHOBy nepmjjepiiHecKoro xpoMocoMHoro 
MaTepnajia (IIXM) (pnc. 93). 3tot cj) m 6 p m a a h p n o - r p a n y a h p n b i i i Marepnaa, 
CHHTe3HpOBaHHbIH a O MHT03a, nepeHOCHTCa XpOMOCOMaMH B flOaepHHe KaeTKH. B 
paHHeii Teao(J)a3e eme b OTcyrcTBne ciiHTe3a PHK no Mepe aeKOHaencapnii 
xpOMOCOM npoMCxonuT CTpyKTypHO e nepepacnpeaeaenne KOMnoHeHTOB IIXM. 
Ero (JmSpnaaapHbie KOMnoHeHTbi nawnnaiOT coSnparbca b MeaKne accomiaTbi - 
npeabaapbiaiKH, KOTOpbie MoryT canBaTbca apyr c apyroM, coSnpaTbca b 30He 
aapbiuiKOBoro opraHH3aTOpa xpOMOCOM b nosaneii Teaocfiaae, rae 
B03o6HOBaaeTca TpaHCKpnnpna pPHK. 

Hobbih 3Tan b inyHeinni n e p h c|) epnn e c ko ro MaTepnaaa mhtothhcckhx 
xpOMOCOM CBasan c ncnoab30BaHneM w m m y n o n h to x h m h h e c k h x MCToaoB 
BbiJiBaemiH aaptiniKOBbix SeaxoB. Ebiao noxasaHO, hto m h t o t h l i e c k h e 
xpOMOCOMbi aencTBHTeabHO ynacTByiOT b nepeHOce b aonepHne KaeTKH SeaxoB 
aapbimex, SeaxoB aaepHoro ocTOBa, Tax n pa3annHbix PHII. Tax 6biao 
ycTaHOBaeHO, hto aapbiniKOBbie 6eaxn, ynacTByiounie b TpaHCKpiinpnn pPHK 
(PHK-noanMepa3a I, Tonon30Mepa3a I, (JiaxTOp HHnn,nan,HH TpaHCKpnnn,nn UBFn 
ap.), a k k y m y a h p y io t ch b 30He aaptinixoBoro opraHroaropa, b to BpeMa xax 
6eaKH, CBaaamibie c nponeccnnroM npe=pPHK ((jjnSpnaaapHH, HyKaeoanH, B- 
23), a Taxace HexoTopaa nacTb npe-pPHK n Maabie aaptinixoBbie PHII 
nepeHOcaTca noBepxHOCTbK) xpOMOCOM b cocTaBe nepHcjDepnnecKoro 
xpOMO comhoto MaTepnaaa (pnc. 94). 

KpOMe toto b cocTaB nXM MoryT BxoanTb HexoTOpbie HerncTOHOBbie 6eaxn 
n3 cocTaBa aaepHoro HHTep(j)a3Horo ocTOBa (pnc. 95). 

CaeaoBaTeabHO m h to t h l i e c k h e xpOMOCOMbi ynacTByiOT He ToabKO b hx 
raaBHon (j)yHKn,HH - nepeHOC reHeTnnecKoro MaTepnaaa b Bnae ^HK - ho, KpOMe 
toto, ynacTByiOT b nepeHOce peaoro paaa SeaxoB n PHK (pnc. 96). 
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EHOJIOTHHeCXHH CMbICJI nOaBJieHHa nXM Ha nOBepXHOCTH MHTOTHHeCKHX 
XpOMOCOM MOaceT 3aXJHOHaTbCa B TOM, HTO nepeHOCHMBie XpOMOCOMaMH SeJIKH He 
aBJiaiOTca cjiynaHHbiMH « n ac c a>K h pa m m » , a npencTaBnaiOT co6oh KOMnjieKC 
SejiKOB pa3Horo npoiicxo/XHeniia: (jiepMeHTbi h (JiaxTopbi a^pbinixoBOH 

TpaHCKpHnu,HH, npopeccHHra pPHK, cSopxH phOocom, He3penbie 
npeflmecTBeHHHKH phSocom h, KpOMe toto, OeaxH a^epHoro h a^pbiniKOBoro 
MaTpHKca, Taxace co^epacamHe Majibie a^epHbie PHII h Bee xoMnoHeHTbi, 
CBa3aHHbie c o6pa30BaHHeM HepnSocoMHbix PHK, c hx cnjiaiiCHHroM h ^p. 
ApyrHMH CHOBaMH, nXM nepeHOCHT b HOBbie a^pa MHorne SeuxoBbie 
KOMnoHeHTbi h (j)epMeHTbi, hto C03aaeT ycaoBHa, neooxoaHMbie ana 
(J)opCHpOBaHHoro B03o6HOBaeHHa CHHTe3a h co3peBaHHa xax phSocom, Tax h 
CHHTe3a HH(J)opMau,HOHHbix PHK. MnTOTHHecxaa xpOMOCOMa nepeHOCHT b HOBoe 
a^po He tojibxo reHeTHnecxyio HH(j)opMau,HK) b BH^e ,EI,HK xpOMaTHHa, ho h 
iieoSxoaHMbie xoMnoHeHTbi CHHTeTHHeexoro annapaTa, totoboto x axTHBapHH 
TpaHCXpHnpHH B HOBOM XJieTOHHOM H,HXJie. XpOMOCOMa npH XJieTOHHOM 
^ejieHHH»Bce CBoe HeceT c co6oh» - xax raacHT naTHHCxaa noroBOpxa. 

PiaBa 9. HepHSocoMHbie npojyKTbi KJieTOHHoro nnpa 
TpaHCKpHnuHH HepiiSocMHbix reHOB 

Hn(j)opMamionnbie PHK o6pa3yK)Tca npn ynacTHH PHK- noun m e p as bi II, 
HaHHHaKDHieil CHHTe3 CO CTapTOBOH TOHXH TpaHCXpHnU,HOHHOH eflHHHU,bI, H 
xoHnaa ero b tohkc TepiYinnamni. npn stom o6pa3yeTca onna MOJiexyna PHK, 
TpaHCxpnnT - npeflmecTBeHHHx HH(J)opMau,HOHHOH PHK. Pa3Mep 
TpaHCXpHnpHOHHblX eflHHHU, pa3HbIX reHOB MOnceT 3HaHHTeJIbHO BapbHpOBaTb OT 
6 Tbic. k o 200 Tbic. HyxjieoTHflOB. nosTOMy cyMMapHaa (|)paxu,Ha PHK, 
CHHTe3HpOBaHHaa Ha pa3Hbix reHax co^epacHT MOJiexynbi pa3JiHHHOH ^jikhm. 3Ta 
nepBHHHO CHHTe3HpOBaHHaa PHK hjih t.h. reTeporeHHaa anepnaa PHK (raPHK), 
BCTpenaeTca TOJibxo b anpe h He oo HapyacHBaeTca b u,HTonjia3Me. B u,HTonjia3My 
nona^aeT yace HH(jDopMau,HOHHaa PHK, o6pa3yiomaaca b pe3ynbTaTe H3MeHeHHH b 
aflpe nepBHHHbix TpaHexpHnTOB PHK (raPHK). 
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BenHHHHa raPHK b HecKontico pa3 Soutine toh, KOTOpaa TpeSyeTca ana 
ciiHTe3a SejiKOB: ana CHHTe3a «cpeaHero 6enica», cocToamero 113 400 

aMHHO KHcnoT, neoSxoaHMa MarpHHHaa PHK b 1200 HyKneoTHaoB. Ha caMOM 
aene BenHHHHti iiH(f)opMaii,HOHHbix PHK b cocTaBe CHHTe3Hpyiomnx Senox 
nonncoM b HecKontto pa3 xopone nepBHHiitix TpaHCKpHiiTOB. 3to yKOponemie 
aBnaeTca pe3yntTaTOM «co3peBaHHa» raPHK, ripoueccmira, ho HHoro xapaicrepa, 
hcm npoueccHiir puSocoMiitix PHK. CTpyKTypa reHa ayicapHOTOB OKa3anact 
cocToamefi 113 wepeayioinuxca nocneaoBaTentHOCTeH nyKneoTHaoB, t.h. skbohob 
ii hhtpohob. 3k30hw - ynacTKH ,Z],HK, KOTOptie oSnaaaiOT Koanpyiomen 
IIH(|)OpMail,HeH H BXOaaT B COCTaB IIH(j30pMaU,H0HHBIX PHK, a HHTpOHbl coaepacaT 
nocneaoBaTentHOCTH, He Bxoaamne b HH(|)opMau,iiOHHyio PHK. nepBii hhbih 
TpaHCKpHnT PHK coaepacHT nonHyio Komiio reHa, BRnionaeT b ce6a Bee 
nocneaoBaTentHOCTH h 3K30hbi h HHTpOHti. Hhtpohbi BnocneacTBHH 
Btipe3aiOTca H3 nepBimnoro TpaHCKpimTa, kohu,bi ace cJiparivienTOB PHK 
ciHHBaiOTcn KOBaneHTHO, hto npiiBoaHT k oSmeiviy yKopaHiiBaiiHio 
o6pa30BaBineHca MoneKynti HH(j30pMau,H0HH0H PHK. 3tot npopecc nonyann 
H33BaHHe cnnaiicHHra. Tax tax SontiniiHCTBO reHOB MneKoniiTaiomHx coaepacHT 
Sontmee nncno hhtpohob, neM 3K30H0B, npopecc cnnanciiHra PHK npiiBoaHT k 
TOMy, hto o L ient anHimtie MoneKynti raPHK (nepBHHHtix TpancKpunTOB, 
coaepacamnx 6onee hcm 50 000 HyicneoTHaoB) yKopamiBaiOTca ao annnti 
u,HTonna3MaTHHecKHx hPHK (oSbihho ot 500 ao 3000 HyicneoTHaoB anHiion) 
(pHC. 97). 

no Mepe CHHTe3a h pocTa raPHK, OHa CBa3tiBaeTca c paaoM aaepHtix SenicoB, 
o6pa3ya raPHn-HacTiipti (reTeporeHHtie aaepHtie pHSoHyKneonpoTeimoBtie 
HacTimti). npn 3tom BticoKOMoneKynapHaa raPHK b aapax HaMaTtiBaeTca Ha 
rnoSynapHtie SemcoBtie wacTimti, HH(|)opiYio(|)epbi. Ha Kaacatra HH(f)opMa(|)ep 
npnxoaHTca OTpe30K PHK annuoO oxono 500-600 HyicneoTHaoB. Taicon KOMnnexc 
ini(})opMO(|)epa h PHK o6pa3yeT MOHOMep nnii 30S nacTHiiy. B cocTaB Kaacaoro 
HH(|)opMO(J)epa BxoaHT 6onee 30 SemcoBtix Moneicyn HH(|)opMaTHHa. TaKHM 
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o6pa30M nepBHHiibiH TpancKpum CTpyKTypHoro reHa, OTBenaiomero 3a 
o6pa30BaHHe iiH(J)opMau,HOHHOH PHK, npe^CTaBJiaeT co6oh ruraHTCKyio 
MoneKyny raPHK, CBmannyio co miio'/KCCtbom SeaKOBbix wacTHu, mnjiopMOcjiep. 
CnHTaeTca, hto ynacTKH raPHK, Meacay HHcfiopMOcjiepaMH, MoryT 6bitb 
ncnojiB30BaHbi flaa cnaaHCinira c noMombio cnemiaabiibix SejiKOBbix ko m n a e k c o b 
- cnjiaiicocoM. B cocTaB enaaHCOCOM bxoaht 5-7 Majibix H^epHbix 
pH6oHyKJieonpoTeH^OB (snRNP).3TH ocoSbie Maabie a^epHbie PHII (MaPHII) 
npeflCTaBJiaKDT co6oh PHn-nacTiipbi (Ul, U2, U5, U4, U6 snRNP) c KOHCTaHTOH 
ceflHMeHTau,HH okojio 10S. B Kaacaon HacTime coflepacHTca oana Maaaa MOJieKyna 
PHK (90-400 HyKJieoTHflOB) h okojio ceMH MoneKyn SejiKa. Tax hto enaaHCOCOMa 
npe^CTaBJiaeT co6oh KpynHbiil p m 6 o n y k a e o n p o t e m a n b i ii KOMnaeKC BeanHiniOM, 
CpaBHHMOH C pHSoCOMOH (KOHCTaHTa CeflHMeHTapHH okoho 60S). 

npH CHHTe3e raPHK h nocae Hero cnaaficocoMbi CBH3biBaiOTca c penbK) PHK b 
MecTax Ha rparoipe Meacay 3K30HaMH h HHTpOHaMH, cneu,ii(J)HHecKH y3HaBaa 3th 
MeCTa, npOH3BOflaT pa3pbIB B OCHOBaHHH neTHHHHTpOHa, CHIHBaiOT CBOSOflHbie 
kohh,bi (pHC. 98). TaKHM cnocoSoM yaacTKH hhtpohhbix noeaeaoBaTeabHOCTeH 
BbiHaenaiOTCH H3 cocTaBa nepBimnoro TpaHCKpHnTa, a 3aTeM ObiCTpo 
aerpaanpyiOT b nape. B pe3yabTaTe stoto npouecca aaHiia peayabTupyiouieH 
MoaeKyabi PHK MoaceT yKopamiBaTbca b HecKoabKO pa3. Tax, HanpHMep, pa3Mep 
reHa 6eaKa THporaoSyamia BKaioaaeT 300 tbic. HyKaeoTHTOB, pa3Mep ace hPHK 
aaa 3Toro 6eaKa cocTaBaaeT Bcero 8,7 tbic. nyKaeoTiiaoB H3-3a Toro, hto b 
cocTaBe reHa BKaiOHeHbi 36 hhtpohhbix noeaeaoBaTeabHOCTeH, T.e. npOHCxo^HT 
yKOponeHiie MoaeKya PHK 6oaee neM b 30 pa3. Pa3Mep reHa KaTaaa3bi paBeH 34 
T.n.H., a pa3Mep hPHK - 1,6 T.n.H. BeaHHHHa o b aa b 6y m hh o b o to reHa y nniu, 
cocTaBaaeT 7,5 T.n.H., a eooTBeTCTByiomaa 3TOMy reHy 3peaaa hPHK - Bcero 1,8 
T.n.H. OSbihho hPHK b 2,5-10 pa3 Kopone nepBHHHoro TpaHCKpiraTa, raPHK. 

CaHTaeTca, hto nocae coapeBaiiHH hPHK, npn nepexoae ee H3 aapa b 
u,HTonaa3My TepaeT 6eaKH, Bxoaamne b cocTaB HHcjiopMOcJiepa, «nepeoaeBaeTca» 
b aaepiioii nope, a 6eaKH HH(J)opMO(|)ep ocTaiOTca b nape. B u,HTonaa3Me hPHK 
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CHOBa cweBaiOTCfl hobbimh 6ejiKaMH,o6pa3ya «HH<|)opMocoMbi» - (J)opMy 
xpanemiH hPHK b HeaKTHBHOM coctohiihh, hjih CBaibiBaiOTca c SejncaMH, 
HeoSxo^HMBiMH Tpancjinmni. 

Mop(|)OJ 10 rHH PHII-KOMnOHeHTOB B Hjpe 

Bch m i i (J) o p m a u , h h , nojiyiennaa o MOp(J)OJionin t p a n ck p n n t o b pPHK h hPHK, 
06 HH(|)opMO(|)epax h cnnaiicocoMax nojiywena Ha inyHenmi Bbiaeaemibix H 3 
aaep 3thx KOMnoHeHTOB, noflBeprayTbix cnemiajibiiOM o6pa6oTKe 

pacnaacTbiBaiiHH hx Ha npenapaTax 3 JieKTpOHHOH MHKpocKomni. 

Hto 5Ke KacaeTCH MOp(J)OJiorHii PHF[-npoayKTOB in situ, b oObeivie HHTaKTHbix 
imep, to 3^ecb HH(J)opMaH,Ha HenojiHaa h npOTHBOpeHHBan. 

KpOMe xoporno Bbipa>Kennoro impbiimca, apynie npoayKTbi aaepnoii 
aKTHBHOCTH npH H3yHeiIHH KJieTOK Ha yjIbTpaTOHKHX Cpe3ax He OpOCaiOTCH B 
raa3a: hx Tpyznio otjihhhtb ot pasanmibix (JmOpHjni (^HTT, MaTpHKc)n KaKHx-TO 
rpaHyji, Ka3anocb 6bi 6e3 ocoSoro nopa^Ka pa36pocaHHbix b a^pe. Bee >xe, 
Hcnojib3ya m ct on H36HpaTejibHoro KOiiTpacTupoBaiiMH cojihmh ypaHa CTpyxryp, 
conepncaniHx PHK, ynaeTcn BbinejiHTb pan komhohchtob, KOTOpbie mojkho 
OTHecTH k neaapbiujKOBbiM npoayKTaM TpancKpunmiii. 3to - 
nepHxpOMaTHHOBbie (J)H6pHJiJibi, nepHxpOMaTHHOBbie rpaHyjibi h 

HHTepxpOMaTHHOBbie rpaHyjibi (pnc. 996 , 100 ). 

nepHxpOMaTHHOBbie (j)n6pHJiJibi o6Hapy>KHBaK)TCM no nepHcjiepHH ynacTKOB 
KOH^eHCHpoBaHHoro xpOMaTHHa (oKOJiOMeM6paHHoro hjih jik)6oto npyroro). Ohh 
HMeiOT TOJiniHHy okojio 3-5 hm, nacTO o6pa3yiOT pbixjiyK) HenpaBHJibHyK) ceTb. 
Oica3ajiocb, hto 3tot komhohcht anpa CHJibHO MiivienaeTCfl npH CTHMyjnmH 11 
CHHTe3a PHK. Tax, npn B03pacTaHHii CHHTe3a PHK b KJieTxax neneHii Kpbic 
nocjie roaoaaiiHH h nocjienyiomero miTanini hjih nocjie BBeaenna K0pTH30Ha 
a^peHaJI3KTOMHpOBaHHbIM >KHBOTHbIM 30HBI nepHXpOMaTHHOBbIX (|)h6phjiji 
3HanHTejibHO y Be Jin l i h Ba iotc h . 3th 30hbi OKa3ajiHCb HanSojiee aKTHBHbiMii no 
BKJHoneHHK) Menenbix npeaujecTBennHKOB b PHK, hto 6bijio noxasaHO 
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pa/iHoaBTorpacjDHHecKH c noMom&io aaeKTpOHHoro MHKpocKona. Taicne 
(|)H6pHJiJibi MoryT npeflCTaBJi^TB HOBOCHHTe3HpOBaHHyK) raPHK. 

,U,pyroH Tun PHK-coflepacamHx CTpyKTyp HHTep(j)a3Horo nnpa 
nepHxpoMaTHHOBbie rpaHyabi. Ohh meiOT ^HaMeTp okojio 45 hm h OKpyaceHBi 
CBeTJiBiM opeonoM. 3 th rpaHyjibi BCTpenaiOTCJi tojibko Ha nepMcjiepmi 
KOH^eHCHpOBaHHOTO XpOMaTHHa, B flH(J)(J)y3HOM XpOMBTHHe HX HeT. CHHTaeTCM, 
HTO Me>Kay 3THMH TpaHyjiaMH H nepHXpOMaTHpOBaHHBIMH (|)H6pHJIJiaMH 
cymecTByeT CTpyKTypnaa cbh3b. IIpH Oohbhihx yBejiHHemnix BHyTpH rpaHyji 
MO>KHO BHfleTB TOHKHe H3BHTBie (J)H6pHJUlBI 3-5 HM TOJ1HJHHOH. 

KpynHBie rpaHyjibi THna nepHxpOMaTHHOBBix BCTpenaiOTca b cnemi(})H L iecKHx 
aKTHBHBIX B OTHOHieHHH CHHTC3a PHK ywaCTKaX nOJIHTeHHBIX XpOMOCOM, B 
ny(J)(J)ax (cm. iiH>Ke). Cxo^HBie rpaHyjibi o6napy>KeiiBi b ookobbix neTJiax 
(|DyHKU,HOHHpyK)HIHX M6 MOTH H6C KMX XpOMOCOM. HcXOflH H3 3TOTO, HCKOTOpBie 
HCCJieflOBaTejiH aeaaiOT n p ea noaoace n h e , hto Taicne piioonyKaeonpoTen^nBie 
rpaHyjiBi MoryT npeacTaBnaTB co6oh 3penBie KOMnjieKCBi H3 hcckojibkhx 
HH(J)opMO(j)ep, pHSoHyKJieonpoTeHflHBie nacTHiiBi, coaepacamne 

HH(J)opMau,HOHHyK) PHK. OanaKO sto npeanoaoaceHHe HyacaaeTca b npoBepKe. 

HHTepxpoMaTHHOBbie rpaHyjibi - TpeTHH THn PHK-coaepacamHx CTpyxiyp. 
Ohh HMeiOT pa3Mep 20-25 hm h rpynnHpyiOTca Bceraa b (J)opMe CKonaeHHH 
Meacay ynacTKaMH XpOMaTHHa. 3th rpaHyjibi He CTanaapTMBi no BeaHHinie h 
nepenjieTeHBi tohkhmh cj ) m 6 p m a a a m m . 

B nocaeanee BpeMa 6bijih noayneHBi aiiTHTeaa k mhPHH. Oica3aaocB, hto 
cpean hhx ecTB h paaaHHiiBie cnaancocoMBi, rpanyaBi pa3MepOM 20-30 hm. 3th 
MflPHn pacnoaaraancB b 30Hax cboSo^hbix ot KOHaeHCHpOBaHHoro XpOMaTHHa h 
no CBoen aoicaaH3ai],HH coBnaaaan c 30HaMH, rae pacnoaaraaHCB CKonaeHHH 
HHTepxpOMaTHHOBBix rpaHya. Ohh MoryT npeacTaBaaTB co6oh CKonaeHHe 
cnaancocoM, ynacTByiouinx b koiichiibix CTaanax coapeBaniui raPHK. 

B TaxoM cayaae bckd KapTHHy annaMUKM CHHTe3a raPHK MoacHO npeacTaBHTB 
ce6e cae^yiomHM o6pa30M. /(eKOHaeHCHpylomHecfl yaacTKH XpOMaTHHa 
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(ayxpOMaTHH) no nepn(|)epnH KOiiaeiiCMpoBaiiiibix 30H xpOMaTHHa, CBHibiBaacb c 
PHK-nojinMepa3on II, TpaHCKpn6npyK)T raPHK b BHae HanantHbix 
nepnxpOMaTHpOBaHHbix (J)n6pnjin, CBaibiBaiomuxcH c OenxaMH HH(j)opMO(|)ep, 
KOTOpbie 3aTeM noaBepraacb co3peBaHHK) c ynacTneM cnnancocoM 
(nHTepxpOMaTHHOBbie rpaHynbi), naiOT Hanano 3pejibiM (JiopMaM nPHK - 
KOMnnexcaM HH(f)opMO(])ep, hjih nepnxpOMaTHHOBbiM rpaHynaM. Beponrao, He 
Bee 3pejibie nPHK MoryT nepexoanTb b KpynHbie ( 45-60 hm) nepnxpOMaTHHOBbie 
rpaHynbi, a nocneaHHe, BepoaTiio, xapaKTepHbi ana PHK c bbicokiim 
MOJieKynapHbiM BecoM. 

HHyio Tonorpa(j3HK) b HHTep(J)a3Hbix anpax hmciot Pffll-npoayKTbi 
pacTHTejibHbix KJieTOK. Tax, b aapax c xpOMOHeMHon opraHH3an,Hen 
HHTep(|)a3Horo xpoMaTiina, PHII b BHae KpynHbix rpaHyn ( 20-30 hm) h tohkhx 
(|)h6phjiji (6-8 hm) pacnonaraeTca no nepncjiepHH Taxoro xoHaeHCHpOBaHHoro 
xpOMaTHHa h b MencxpOMaTHHOBbix 30Hax; eoaaaeTCH BnenaTneHne, hto bch 
nepn(J)epHa xpOMOHeMHbix ynacTxoB xpOMaTHHa BOBJieneHa b chhtc3 PHK (pnc. 
1006 ). 

Bbijih caenaiibi nonbiTXH iriyniiTb iviopcjiononiio TpancKpunmin 
HepH6ocoMHbix reHOB Ha TOTajibHbix nnocxocTHbix npenapaTax. 3toto H3 
roMoreHaTOB aaep ocancaann (j^paxipno aHcjxjjyanoro xpoxiaTHna, ooorameniioro 
BXJiKDneHHbiMH Me L ieiibiMii n pea hi e ct Be n n h Ka m h PHK. Axthbhbih xpOMaTHH Ha 
TaxHx npenapaTax HMen BHa Tiinimiibix HyxneocoMHbix (j}H6pHnn c peaxo 
CHaaniHMH oaHiiOHiibiMii rpanynaMH PHK-nonHMepa3bi, ot xoTOpbix OTxoaniiH 
TpaHCxpHnTBi PHK pa3HOH anHHbi h xoH<J)HrypaH,HH (pnc. 101 ). OSmhho tto 
Gbian H30THyTBie (J)H6pHaabi, HHoraa HMeiomne Ha cbo6ohhom xoHpe 
rao6yaapHbie oSpaao Banna. Hauie Bcero paccToaime Mencay oaHiiOHiibiMii 
rpaHynaMH PHK-noaHMepa3bi noxoanno ao 0 , 1 - 0,3 mxm, Tax hto 
npeacTaBaaaocb, hto c reHa TpaHCxpH6HpyeTca hiiuib oaHa xoraia, b OTannue ot 
MHoacecTBeHHBix xomiii, nojiynaeMbix c reHOB pPHK. Ho oaHaxo, b peaxnx 
cnynanx oSnapy/XHBanncb ynacTXH xpOMaTHHa c TecHO p ac n ono)xe iiiibi m m PHK- 
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nOJ!HMepa3aMH, OT KOTOpBIX OTXOPHJIH B CTOpOHy TpaHCKpHITTBI pa3HOH HJHIIIbl, 
oSpasya “eaoHKo”-noao6nbie CTpyKTypti. 

IIonBiTKK naSaioaaTb MOp(J)onornio TpaHCKpimproi Ha onpeaeaemibix reHax 
6 bijih caeaaiibi Ha pejiOM pane oObcktob, BKjnowaa nojiHTeHHBie xpOMOCOMBi 
flByKpBiJiBix HaceKOMBix h MefioTHHecKne npoc|)a3iibie xpOMOCOMBi. 

Chhtc3 PHK b nyfrax nojiHTeHHbix xpoMocoM 

Bojiee nojiHBie npepcTaBJieHHa o MOpcjDOJioniH CHHTe3a h o6pa30Bamia 
KOHeHHBix npoayKTOB TpaHCKpunpHH onpepejieHHBix reHHBix ynacTKOB 
HHTepcj)a3HBix xpoMocoM 6bijih nojiyneHBi npn Msynemni nojiHTeHHbix 
XpOMOCOM. 

CBeTOonTHnecKoe iriyHemie CTpoemia nojiHTeHHbix xpoMocoM pByKpBiJiBix 
oSiiapyacHJio, hto KpOMe hhckob h mokphckobbix ynacTKOB BCTpenaiOTca 
jiOKanBHBie pacmnpeHHa xpoMocoM, t.h. ny<|)bi. B tthx ynacTKax /THK He 
pacnojiaraeTca b Biipe hhckob, ohii hmciot aMOpcjiHyio CTpyKTypy, nacre 
copepacaT PHK, 6a30(jiHJiBHBi. B nycjiax nponcxopHT ocHOBHoe BRjironeHiie 3 H- 
ypHflHHa, HTO 0pH03HaHH0 nOKa3BIBaeT, HTO OHH flBJHHOTCfl aKTHBHBIMH 
ynacTKaMH tthx CBoeo6pa3HBix HHTep(|)a3HBix xpoMocoM. 

KojinnecTBO ny(J)OB h hx jiOKajnmpHfl He hbjhiiot ca nocToannon 
XapaKTepHCTHKOH TOH HJ1H HHOH nOJIHTeHHOH XpOMOCOMBi. BoJiee TOTO, pHCyHOK 
nycjiHpoBaiiHH (T.e. pacnojioacemie nycfiOB Ha xpOMOCOMax) pa3HBiii Ha op noil h 
TOH ace XpOMOCOMe B 3aBHCHMOCTH OT CTapHH pa3BHTHH JIHHHHKH, HJIH OT Tima 
KJieTOK, B3HTBIX ,H,Jia HCCJiepOBaHHH. 

Tax Kax B03HHKH0BeHHe nycjiOB npaMO CBa3BiBaeTca c aKTHBapneii CHHTe3a 
PHK, to 6bijio noKa3aHO, hto pa3BHTHe onpeaeaennoro nycfia OTpaacaeT co6oh 
aKTHBapHIO OTpeJIBHOTO HJIH TpynnBI reHOB, JICTep M II 1 1 m py io hi h x 
(|3yHKu,HOHajiBHO-MeTa6ojiHHecKHe ocoSemiocTH kjictok Ha paHHOM TTane 
pa3BHTHa. no3TOMy b pa3JiHHHBix HHc|K})epenHiipoBannbix KJieTKax KapTHHa 
ny(J)(J)HHHpOBaHHa He ponama coBnapaTB, hto h HaSjnopaeTca Ha caMOM pejie 
(pHC. 102 ). 
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IIpH 3 aTyxaHHH cnHTe 3 a PHK nyc|) nanHiiaeT cnaaarbca, yMeHbinaTbca b 
pa3Mepax, TepaTb 6a30(jiHaHK) h b KOHpe kohh,ob Ha ero MecTe mo>kho BHaeTb 
AHCK, H3 KOTOpOrO OH pa3BHHC5L OcoSeHHO ^eMOHCTpaTHBHO 3TO BH^HO Ha OCO 60 
KpynHbix nycjiax 4-oil xpOMOCOMbi Chironomus, KOTopbie iiocht Ha3BaHHe Koaeu, 
BajibSHaHH (KB). Tax Ha jihhhhohhoh CTaann mo>kho BHaeTb Ha 4-oh xpOMOCOMe 
b6jih3h ot aapbiHixa aea nocToamibix 6a30(|)HnbHbix nycjia, KB1 h KB2. 

B 3JieKTpOHHOM MHKpocKone 6bijio o6napyaceno, hto 30Ha sthx KpynHbix 
nycjiOB coaepaciiT Soabinoe kojikhcctbo rpaHyji p m 6 o n y k a e o n p o t e h a n o ii 
npupoabi, pa3MepoM 50-60 hm. 3th rpanyabi, n p ea n oa o>k mtch b n o coaepacamne 
HH(J)OpMaH,HOHHyK) PHK II COOTBeTCTByiOmHe HH(J)OpMOCOMaM B COCTaBe KOabH,a 
BaabOnaiiH 2 (KB2), pacnoaaraiOTca oco6bim o6pa30M. Ha yabTpaTOHKiix cpe3ax 
MO/Kiio naOaioaaTb, hto ohh pacnoaaraiOTca paaaiviM Baoab oceBbix aaeMeiiTOB. 
Kaacaaa rpaHyaa OKa3aaacb CBaaannoil c oceBoil CTpyKTypoil c noMombio HoacKH- 
(JmOpHaabi ToamiiHoii 14-16 hm (pnc. 103). 3Ta xapTHHa cooTBeTCTByeT 
npeanoao'/Kenino, hto 50-60 hm rpaHyabi npeacTaBaaiOT co6oh PHn-npoayKTbi 
aaHHoro xpOMOCOMHoro aoKyca, Haxoaamneca b npopecce hx CHHTe3a. Ha 
naocKOCTHbix npenapaTax no Mnaaepy TaKne ynacTKH KB2 6bian npeacTaBaenbi 
MHOTOHHCaeHHblMH “CHOH KO”- nOHOOlI bl M II CTpyKTypaMH, COCTOaiHHMH H3 oceBbix 
KOMnOHeHTOB H OTXOTI HH HX OT HHX MHOTOHHCaeHHblX THTaHTCKHX TpaCHKpHnTOB, 
HMeiomHx aaHiiy ao 7,7 mkm. Ot ynacTKa TpancKpunmni b aannoM caynae 
OTxoaHT b cpeaHeM 123 ruraHTCKHx TpaHCKpunra, CBniamibix c KOMnaeKcaMH 
PHK-noaHMepa3bi. 

PacmmjipOBKa sthx MOpcjioaorHHecKHx HaSaioaeffliil CTaaa bo3mo>khoh npH 
aHaaH3e HHaHBHayaabHbix PHK, BbiaeaeHHbix H3 KB2. ,4, a a stoto c noMombio 
MHKpOMaHHnyaaTOpa Bbiaeaaan aapa, 3aTeM OTaeaaan ot apyrnx 4-yio 
xpOMOCOMy, h c noMombio MHKpoaHCceKii,HH Bbipe3aaH h HaKanaHBaaH 30hbi, 
coaep'/Kauiiie KB2. 3aTeM H3 sthx nycjiOB Bbiaeaaaacb PHK, KOTOpaa 
nccaeaoBaaacb c noMombio reab-3aeKTpo(|)ope3a. BbiaeaeHHaa PHK OKa3aaacb 
orpoMHbix pa3MepOB, OHa HMeaa Moa. Bee 15-35 x 1 0 6 ,23,, h K03(ji(|)HH,HeHT 
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ce^HMeHTaiiHH 75S. CooTBeTCTBeHHO reHBi stoh 75S PHK co£,ep>xaT 37 t.ii.h., 
BepOflTHO He HMewT hhtpohob, t.k. 75 S PHK He no^BepraeTCfl npopeccHHry h 
cnyjKHT MaTpimen CHHTe3a mraHTCKHx MOJieKyn ceKpeTOpHBix SenxoB. Teiibi 
75 S PHK OKa3ajiHCt nocTpoeHBi HanofloSne caTejunrrabix /IHK: b hx cocTaBe 
naSaioaaeTCH nepapxna BHyTpeHHHx noBTOpOB. 

nocne 3aBepmeHHM CHHTe3a 75 S PHK, ee MOJieicyjibi b BH^e KpynHBix (50-60 
hm) PHn-rpaHyji t pan c n o pT h py iotc a b u,HTonna3My. OzmaKO 3iia L iHTeabnaa hx 
nacTb paapyujaeTca: TOJibKO 4-7% 3toh PHK o6napy>xH BaeTCH b u,HTonjia3Me. 
3th ruraHTCKiie MOJieKynbi PHK o6pa3yiOT b u,HTonjia3Me oco6o KpynHbie 
nOJIHCOMbI (700S), B COCTaB KOTOpbIX BXOflHT 55-65 pHSoCOM, Ha KOTOpbIX 
CHHTe3HpyK)TC5I flJlHHHbie HCnOHKH TJlHKOnpOTeHflOB KJieTOK CJHOHHOH >XeJie3bI 
MOTbiJia. (Ha caMOM ^ejie 3Ta >xejie3a He ynacTByeT b roimeBapeHHH, OHa He 
coaep'/KMT (JtepMeHTOB; ee (jiyuxmni laxmoHaeTCH b CHHTe3e 6enxa, neooxoaHMoro 
JIHHHHKe flJia nOCTpOeilHH aOMHKa H jiobhhx ceTeii). 

TpaHCKpHnuHH Ha MeHOTHqecKHX xpoMocoMax 

MeiiOTHHecKHe xpOMOCOMbi Tima “jiaMnoBbix meTOK” (cm. Hmxe) BCTpenaiOTCii 
raaBHbiM o6pa30M Ha CTa,o,HH flHnjiOTeHbi Meii03a, xax y caMpoB, Tax h y caMOK. 
no epaBHeHHK) C MHTOTHHe CKHMH XpOMOCOMaMH MCHOTHHe CKHe XpOMOCOMbi 
Tima JiaMnoBbix meTOK HaMHoro ^jiHimee h xopomo bhahh b cbctobom 
MHKpocKone no ^ByM npHHHHaM: OHa npeflCTaBJiniOT co6oh cnapeHHbie h 
yziBoemibie xpOMaTH^bi, Tax hto b hx cocTaB bxo^ht neTbipe npoaoabiibix 
cyObeamiHUbi. Ho OTJiHHHTejibHOH ocooemiocTbio sthx xpomocom HBjraeTca 
HajiHHHe ookobbix neTejib, OTxo;nmmx ot Miio'/xecTBa xpOMOMepOB, nonapHO- 
CHMMeTpHHHO pacnojiaraiOLimxoi B^ojib xa^x^oro roMOJiora (pnc. 104). Hmchho b 
neTJiax xpOMOCOM Tima JiaMnoBbix meTOx npoHCxo^HT crniTei PHK bo BpeMn 
^nHTejibHoii MeiiOTHHecxoH npoc})a3bi. 

CneflOBaTejibHO, xpOMOCOMbi Tima JiaMnoBbix meTOx 3aHHMaiOT xax 6bi 
npoMe'/xyTOHiioe nojio>xemie Mox/iy HHaxTHBHpOBaHHbiMH MaxcHManbHO 
XOH^eHCHpOBaHHblMH XpOMOCOMaMH H aXTHBHbIMH HHTep(J)a3HbIMH 
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xpOMOCOMaMH: KOiiaencupoBann Bie ynacTKii xpOMOMepOB cooTBCTCTByiOT 

ynacTKaM m h t o t h h e c k m x xpomocom, a Ookobbic neTJiH - ynacTKaM aKTHBHBix 
HHTep(J)a3HBix xpOMOCOMHBix paiiOHOB. CHHTaeTca, hto hhcjio Sokobbix neTenB 
cooTBeTCTByeT HHCJiy xpOMOMepOB, 3 a HCKaiOHemieM Toro, hto xpOMOMepBi, 
npeflCTaBJiMKDmHe pempoMepHBie ynacTKH, neTejiB He Hecyr. Tax y rpeoeniaToro 
TpHTOHa, HBH XpOMOCOMBI THna JiaMnOBBIX meTOK OCOSeHHO nOflpoSHO H3yneHBI, 
HacHHTBiBaeTca okojio 5000 xpOMOMepOB Ha ranjiOHflHBiH na6op h 
eooTBeTCTBeHHO 20 000 Sokobbix neTejiB Ha HHnjiOTennyio m m t o t m h e c k y i o 
xpOMOCOMy (HanoMHHM, hto b npo(|)a3e Meii03a KJieTKH conep>KaT TeTpanjiOHHHoe 
KOJIHHeCTBO XpOMBTHH). 

JlaTepajiBHBie hjih SoxoBBie neTJiH b cocTaBe xpomocom rana jiaMnoBBix meTOK 
HeoflHOpOflHBi no CBoeii CTpyxrype. npeoojianaiOT opannapiiBie hjih HOpMajiBHBie 
neTJIH flJIHHOH OKOJIO 10 MKM. OHH aCHMMeTpHHHBI nO CBOeil TOJHHHHe: B 
CBeTOBOM MHKpOCKOne BH7THO, HTO OH Mil H3 KOHU.OB neTJIH TOHKHH, a HpyTOH 
tojictbih; pasBepnyTaa neTJiH HMeeT KjninoBMnnyio cjiopMy. B cocTaBe 
opHHHapHBix neTejiB b cbctobom MHKpocKone bmhmo, hto Ka/xraa neTJin noxpBiTa 
KaK 6bi nexjiOM hjih MaTpHKCOM, HMeiomHM neacnyio rpanyjuipno- 
cjjHopMJUiHpnyio CTpyKTypy. 

/THK bxohht b cocTaB oceBoro 3JieMeHTa neTejiB h npencTaBJineT co6oii 
OCHOBHyiO XpOMOCOMHyiO /THK. 3t0 HOKa3BIBaJIOCB TeM, HTO KaK SOKOBBie neTJIH, 
Tax h oceBBie KOMnoneiiTBi nHnjiOTemiBix xpomocom pByrcji npn o6pa6oTKe 
^HKasoii. 

EoKOBBie neTJiH cnocoOHBi k CHHTe3y PHK: BKjnoneHHe 3 H-ypH,n,HHa 

npoHCxo^HT npaKTHnecKH bo Bcex neTJiHx no Been hx njimie. 
HoBOCHHTe3HpOBaHHaa PHK b neTJiHx 6bictpo accu,HHpyeT c OejncaMH, 3apaHee 
CHHTe3HpOBaHHBIMH B U,HTOnJia3Me. 

npn royneHHH opannapiiBix neTejiB Ha yjiBTpaTOHKnx cpe3ax 6bijio naHneno b 
hx cocTaBe SojiBinoe kojimhcctbo rpaHyji 25-40 hm BejiHHHHOH, cxohmbix c 
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HHTep- h nepHxpOMaTHHOBWMH rpaHynaMH HHTep(j3a3Horo aapa h c rpaHynaMH b 
nycjmx nojiHTeHHBix xpomocom. 

Boaee noapoono CTpyicrypa Sokobbix neTenB SBiJia nsynena b aneKTpOHHOM 
MHKpocKone Ha npenapaTax pacnjiacTaHHBix annaoTemiBix xpomocom. 

OKa3anocB, hto o6maa Mop(J)OJiorHa TpaHCKpHnpuii Ha Sokobbix neTJiax 
xpomocom Tuna naMnoBBix meTOK ynHBHTejiBHO HanoMHHaeT TaxoByio Ha 
pnSoCOMHBIX U,HCTpOHaX (pHC. 104). EoJIBHIHHCTBO OpflHHapHBIX SOKOBBIX neTeJIB 
npeflCTaBJiaeT co6oh o,zuiy TpaHCKpnnu,HOHHyK) eamiHuy, nanaao TpaHCKpiinpiin 
KOTOpoii pacnojKmeHO Ha oanoM KOHpe neTJiH, a TepMHHajiBHBiii ynacTOK - Ha 
ApyroM. TaKHM o6pa30M Taxaa TpancKpiinmionnaH enmnma TO>Ke HMeeT (jiopiviy 
“ejiOHKH”, tojibko H3orHyTOH b BH^e neTJiH. 3aecB TaK>Ke naOaioaaeTca 
jiHHeHHBiH rpaaneiiT TpancKpiinTOB: KOpOTKHe b Hanane, h MaKCHManBHO 
flJIHHHBie (ao HeCKOJIBKHX fleCflTKOB HM) Ha KOHU,aX TpaHCKpHnpHOHHBIX eflHHHU,. 

TpaHCKpimTBi 3/iecB npeflCTaBJieHBi b BH^e pHSoHyKJieonpOTeH^OB. B 
pe3yjiBTaTe B03/ieHCTBHa hiokhx iiohhbix chji ohii H3 raoSyji bcjikhkhoh 25-40 
hm npeBpauiaiOTCH b BBiTanyTBie, H3orHyTBie (|)h6phjijibi, Macro Ha KOHpe 
HMeioniHe yTOJimeHne. MopcjDonorna TpaHCKpunTOB Ha pa3HBix neTJiax 
neoaHiiaKOBaa. BcTpewaiOTCH pacnpaBJieHHBie, jiHHeiiHBie (|)h6phjijibi, a TaioKe 
KycTHCTBie (|)h6phjijibi, MHoroKpaTHO cno>KeHHBie caMH Ha ceoa, Bepormio, b 
pe3yjiBTaTe o6pa30Banria aynaeKCiiBix CTpyicryp PHK. 

B HeKOTOpBix neTJiax mojkct pacnojiaraTBca hcckojibko TpaHCKpHnpuoHHBix 
eflHHHU, pa3HOH flJIHHBI, MO ry HI MX HMeTB KaK HaeilTHHIiyiO, Tax H 0nn03HTHyK> 
OpHeHTapHK) TpaHCKpHnpiIH (pHC. 105). HHTeHCHBHOCTB TpaHCKpHnH,HH TaiOKe 
Heo^HHaKOBa Ha paManmiBix neTJiax: BCTpewaiOTca neTJiH c 30 t p a n c k p 11 n t a m h Ha 
1 MKM H C 3-5. 

IIpH na/ieHHH TpancKpunmionnoH aKTHBHOCTH b ecTecTBeHHBix ycaoBnax hjth 
npn 3KcnepHMeHTajiBHOM no,naBJieHHH CHHTe3a PHK ^jiHHa neTejiB yMeHBuiaeTca, 
ohh npHo6peTaK)T HyKJieocoMHoe CTpoeHHe. 

Mop^)QJ10rHH ipaHCKpHnUHH HHJHBHiiyaJlbHblX reHOB 
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He^aBHO 6 biji npenJiO/Keii 6onee nporpecciiBiibin nonxon n jib HCCJienoBaHHJi 
MOp(j)OJiorHH TpancKpunmiH miniiBMnyajibiibix CTpyKTypHbix (Koniipyiomiix 
nojinnenTH^Hbie uenn) reHOB. j\i\n stoto 6bijih Hcnojib30BaHbi ooh,htbi X laevis, 
B flflpax KOTOpbIX C nOMOmbK) MHKpOHHbeKU,HH MO'/KIIO BBOflHTb JIK)6bie 
MOJieKyjIbl, B TOM HHCJie H /|HK. EcJIH /K6 flJIB TaKOTO BBeaeilHJI B3HTB 
KJiOHHpOBaHHbie reHbi, to nojiynaa npenapaTbi no Mnnnepy, mo>kho ooiiapy>KMTb 
OT^ejibHbie ot HnpBiujCK n xpomocom MOJieKyjibi ^HK, KOTOpbie b ycjiOBHiix 
BbICOKOH TpaHCKpnnpHOHHOH aKTHBHOCTH B BflpaX OOU,HTOB, B CBOK) OHepeflb 
BOBJieKaKDTCM B npOUPCC TpaHCKpnnn,HH. 3 t 0 H ^aeT B03M0>KH0CTb Ha6jIK)flaTb 3a 
TpaHCKpnnu,HOHHon aKTHBHOCTbK) HHflHBHflyajibHoro rena. 

Tax b xflpa oou,htob 6bijih HHbeu,npoBaHbi HeSonbnine u,HKJinnecKHe 
MOJieKyjibi KJiOHHpOBaHHbix reHOB OBajiboyMinia xyp. HiibCKnuji Sojibhioto 
KOJ innecTBa sthx reHOB (2-5 ht Ha nnpo) npHBonHJiH k TOMy, hto b nnpe 
o6pa30BbiBajiHCb KJiacTepbi H3 iicckojibkiix cot mucnmecKiix MOJieKyji, xoporno 
OTJIHHaK) HIHXCH OT 3JieMeHTOB COSCTBCHHOTO XpOMBTHHa OOU,HTOB. OKa3aJIOCb, 
hto 80-90% HHbeu,HpOBaHHoro MaTepnajia HeaKTHBHbi. B stom cjiynae 
HHflHBH^yajibHbie miKJiimecKMe MOJieKyjibi reHOB 6 bijih cnjionib noKpbiTbi 
HyKJieocoMaMH h He conepTKajiH t p a n c k p h n mi o 1 1 1 1 b i x KOMnjieKCOB (PHK- 
nojiHMepa3a BMecTe c penonKoii CHHTe3HpOBaHHoii PHK). 

HeSojibrnax nacTb inibemipoBamibix reHOB, onuaKO, o6jianajia thhhhhbimh 
T paHCKpHnH,HOHHbIMH KOMnJieKCaMH. CpeflH TBKHX aKTHBHpOBaHHBIX TCHOB 
BCTpenaeTCB, no Kpaiffleii Mepe, TpH MOp(j)OJiorHHecKHx KJiacca. B nepBOM cjiynae 
3 to 6bijih u,HpKyjiHpHbie MOJieKyjibi co cjiaSoii TpaiiCKpiinmieii (3-10 
TpaHCKpHnTOB Ha 1 MKM flJIHHbl XpOMaTHHa), TpaHCKpHnTBI OblJlH pa3HOH flJIHHbl 
h He o On an an m jihhchhbim rpanneHTOM. B npyroM cjiynae naOnionaaH 
HHTeHCHBHO T p a 1 1 C K p II 6 II p y 6 M b 1 6 H,HKJlHHeCKHe ynaCTKH XpOMaTHHa, nOKpbITbie 
TpaHCKpHnu,HOHHbiMH KOMnjieKC 3 mh no Been nHHiie MOJieKyjibi ,ZJHK (30-50 
TpaHCKpHnTOB Ha 1 mkm XpOMaTHHa). 3necb TpaiiCKpiiriTbi nocTHrajin nmnibi no 
1,2 mkm. PHK Ha HHTeHCHBHO Tp ai i c k p M 6 M py c m bi x ynacTKax Bcerna 6biJia 
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pacnOji O'/Ken a no rpaanemy ^jikhli, oopaaya ynacTicn, nanoiYiiniaionnie “enonKn” 

Ha TpaHCKpnnu,noHHLix eamnmax aapt-inncoBbix ^HK. nepBHHHbin TpaHCKpnnT c 
KJiOHHpOBaHHoro reHa OBajibOyMHHa xyp coaep>KMT ynacTicn Koanpyionnix 
nocneflOBaTejiBHOCTen (3K30hbi) h hhtpohbi. Ha noaoSHbix npenapaTax b tcchoh 
accopnapHn c HHTnaTbiMH TpaHCKpnnTaMH 6biBaK)T Bnanbi Taioxe rjioOyjiapHbie 
cnnancocoMbi. 

TaKHM o6pa30M, yaaeTca naOmonaTb 3a paSoTon jiK)6bix unniiBHnyaabnbix 
reHOB. 

Chhtc3 TpaHcnopTHbix PHK 

reHbi TpaHcnopTHbix PHK OTHOcaTca k yMepeHHO noBTOpaioinHMca (10-100) 
nocneflOBaTejibHOCTaM b reHOMe. Ohh Taioice Rax p-reHbi, pacnonaraiOTca TaHaeMHO. 
^jiHHa pa3Hbix (31 hit.) tPHK KOJieSjieTca ot 74 no 95 HyKJieoTnaoB (npnMepHO 30 
hm), yno>KeHHbix b cjio>KHyK) TpexMepHyK) (J)nrypy. OTaejibHbin reH tPHK coctoht 
H3 flByx KpaiiHHx 3K30H0B h oaHoro peHTpajibHoro HHTpOHa. Bo BpeMa npopeccHHra 
hhtpoh yaanaeTca, a aea 3K30Ha c noMombio (|)epMeHTa Jinra3bi coeaHHaiOTca b 
3penyK> MOJieKyjiy. 

Eiaea 10. flaepHan o6ojioqKa 

CTpyKTypa, orpainiHUBaiomaa napaMeTp KJieTOHHoro anpa, anepnaa oSojionica, 
xapaKTepHa ana ayKapnoTnnecKHx kjictok. OHa paanenaeT aea BHyTpnKJieTOHHbix 
KOMnapTMeHTa apyr ot apyra, n,HTOima3My ot anpa. 3naHenne t a koto pasaenenna 
CTpyKTyp b npocTpaHCTBe oneHb BancHo; sto npnBoairr k oSocoSneHnio 
npopeccoB cnHTe3a Genica n npopeccoB cnHTe3a HyKJienHOBbix khcjiot, hto 
C03aaeT aonojiHHTenbHbie, no cpaBHeHHK) c npoxapnoTaMn, bo3mo>khocth j\jik 
peryjiau,Hn tchhoh aKTHBHOCTn n ee peammann b Bnae cnHTe3a cnen,nc])HHecKHx 
SejiKOB. AKTHBiiaa peryjiapna TpaHcnopTa H3 u,nTonna3Mbi b aapo n H3 anpa b 
n,HTonjia3My, nepe3 cncmianbiibie KOMiuieiccbi nop C03aaeT cncTeMy 
n36npaTejibHoro TpaHcnopTa BeinecTB, aeJiaa aaepHyio oSojionicy “reHHbiMn 
BOpOTaMn” co cneu,najibHbiMn “npeBpaTHHKaMn” (KOHTpojibHbiMn nyHKTaMn), 
p eryjinpy i o lh n m h noTOKM anepnoro HMnopTa n axcnopTa. KpOMe toto, ktik ynce 
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omicbiBanocB, aaepnaa oOoaonKa HrpaeT SoaBinyio ponB b oprammaHH 
TpexMepHoii CTpyKTypBi iniTepc{)a3noro aa pa, aaeMeHTBi aaepnoi'i oSojiohkh 
aBJiaKDTca nacTBio aaepHoro SeaKOBoro MaTpHKca. 

-flaepnaa oSoaowKa coctoht 113 asyx MCMSpan, Bnemneii h BHyrpeHHeii, Meacay 
KOTOpBiMH pacnoaaraeTca nepimyioieapHoe npocTpaHCTBO (pnc. 106). 
BHyTpeHHaa MCMopana aaepnoii oSojiohkh CTpyKTypHO CBa3aHa c aaMHHoii - 
(J)h6po3hbim nepH(|)epHHecKHM cnoeM aaepHoro SejiKOBoro MaTpHKca. B o6meM 
BH^e aaepHaa oSoaonKa MoaceT 6bitb npeacTaBaeHa Rax aByxcaoHHBiii Memox, 
OTaeaaioiHini coaepacHMoe aapa ot miTonaaiMBi. OanaKO aaepnaa oSoaonKa 
HMeeT xapaKTepHyK) ocooeimocTB, oth m h a i o my i o ee ot apyrnx HByxMeiviopannBix 
CTpyKiyp KaeTKH (mhtoxohhphh h naacTHHBi). 3to n anomie ocoSbix aaepiiBix 
nop, KOTOpBie o6pa3yiOTca 3a chct MnoromicnemiBix 30H canaHna asyx aaepiiBix 
MeMSpaH n npe,ncTaBaaK)T co6on xax 6bi OKpyraBie, CKB03HBie nep(j30pan,nn Been 
a^epHon oSoaonKH. 

KoMnoHeHTbi aaepHOH ofionoHKH 

BHeniHHH MeMSpaHa naepHOH o6onoHKH, HenocpeacTBemio 
KOHTaKTHpyioniaa c n,HTonaa3Mon KaeTKH, HMeeT paa CTpyKTypHBix 
oeoSeHHOCTeii, no3BonaiomHx othccth ee k coSctbchho MeMSpamiOH CHCTeMe 
3Haonaa3MaTHaecKoro peTHKyayMa (3IIP). TaK, Ha BHeniHeii aaepHoii MeMSpaHe 
oSbihho pacnoaaraeTca SoaBHioe KonmiecTBO puSocoM, KaK h Ha MeMSpanax 
3pracTonaa3MBi. CymecTByiOT MnoromicnemiBie naSnioaeiiHa o 
HenocpeacTBeHHOM nepexoae BHeniHeii aaepHoii MeMSpaHBi b CHCTeMy KaHaaoB 
3Haonaa3MaTHnecKoro peTHKyayMa, hto oco6enno noanepKiiBaeT CTpyKTypHyio 
HaeHTHHHOCTB 3THX MeMSpaH (pHC. 106). 

TaK y KaeTOK, OeanBix 3 n a o n a a 3 m aT 11 h e c k h m peTHKyayMOM, BHeuiHaa aaepHaa 
MCMopana MO>KeT npeacTaBaaTB co 6 oii “MHHHMaaBHBiii” o6bcm 

3 Haonaa 3 MaTHnecKoro peTHKyayMa, KOTOpBiii MO>KeT ynacTBOBaTB b CHHTe 3 e 
SeaKOBoro 11 aHmianoro KOMnoHeHTOB Meiviopan. OmicaHBi caynan, Koraa ot 
BHeniHeii aaepHoii MeMSpaHBi OTmenaaiOTca MeMSpaHHBie BaKyoan, 
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1 1 a m p a b jhii o mu e c h b npoxcHMajibHbiii OTpen annapaTa Tojibp^h. CocTaB jhimmpob 
h 6enKOB BHeniHeii apepHoii MeMSpaHti onem, cxo>x c TaKOBBiM peTHKynyMa, hto, 
B03M05XH0, H OnpepeJHieT HX o6mHe 6HOXHMHHeCXHe (J)yHKU,HH, HTO OCOSeHHO 
noflHepKHBaeTca HajiHHHeM ph6ocom Ha noBepxHOCTH MeMSpaH, oSpaipemiOH b 
rHanonjia3My. 3 th p moo combi CHHTe3HpyK)T, xax MCMopamibie, Tax h 
ceKpeTHpyeMbie Sen km, xoTOpbie MoryT TpaHcnopTHpOBaTbca b nepHHyxjieapHoe 
npocTpaHCTBO, a OTTypa b nojiocTH pncTepH 3IIP Tax, HanpHMep, npn 
CTHMyjiapHH o6pa30BainHi y-rjio6yjiHHOB b njia3MOu,HTax nepBbie npopyxTbi 
xjieTOHHOH axTHBHOCTH noxajiH3yK)Tca b nepHHyxjieapHOM npocTpaHCTBe, a 
nOTOM IiaHHIiaiOT MOflBJlflTbCfl B IIOJIOCTHX 3IIP. y SoJIbHIHHCTBa 5XHBOTHBIX H 
pacTHTejibHbix xjieTOx BHemmni MeM6paHa apepHoii oSojiohxh He npepcTaBjnieT 
co6oh HfleajibHO pOBHyK) noBepxHOCTb - OHa mojxct o6pa30BbiBaTb pa3JiHHHOH 
BeJIHHHHbl BbinaHHBaHHa HJ1H BblpOCTbl B CTOpOHy U,HTOnJia3MbI. 

BHyTpeHHHH MeM6paHa npepHOH oSojiohkh ph6ocom Ha CBoefi noBepxHOCTH 
He HMeeT, ho CBinaHa c (J)H6p03HbiM cnoeM, apepHoii jiaMHHoii (Lamina nucleum 
limitans), xoTOpaa, b cboio onepepb, 3aaxopeBaeT xpombthh Ha apepHoii 
oSojiOHxe. C bh3b xpOMaTHHa c BiiyTpenneH MeMopaiioii oSojiohxh aBJiaeTca ee 
xapaxTepHOH ocoSemiocTbio, xoth cymecTByiOT npHMepbi, xorpa tth cb«3h 
HapymaiOTCfl npn coxpaHeHHH pejiocTHOCTH apepHOH oSojiohxh. Tax, HanpHMep, 
B OOU,HTaX aM(j)H6HH Ha CTapHH pHnJIOTeHbl Bee XpOMOCOMbI C06HpaK)TCM B 
peHTpe appa h hojihoctbk) TepmoT cbiob c apepHoii oSojiohxoh. C ppyroii 
CTOpOHBi, npn pencil mm xjieTOx c t.h. 3axpbiTbiM tmmom MHT03a Sojibmaa wacTb 
BiiyTpeiiiieM apepnoM MeMopaiibi TepneT cbhsb c xpOMaTHHOM. 

O eneu,H(J)HHHOCTH 6enxoB jiaMHHbi y>xe roBOpHJiocb b pa3pene “ilpepHbiH 
6enxoBbiH MaTpHxc”, 3pecb >xe iicooxopmmo erne pa3 nopHepxHyrb, hto tth 
(J)H6pHJiJiMpHbie 6enxH He o6pa3yK)T iieMiMeiinyio CTpyxTypy. 0h6po3hbih cjioh 
JiaMHHbi Bee BpeMa nepecTpaHBaeTca, ocoSemio b cbioh c poctom noBepxHOCTH 
appa, bo BpeMa xjieTOHHoro ipixjia. XapaxTepHbie pjia BHyrpeHHeii apepnoii 
MeMopaiibi 6ejixn JiaMHHbi A, C h B otiiochtcp x (jmopMJuiflpiibiM SejixaM V Tima 
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npOMOKyTOHHBIX (JmnaMeHTOB (cm. IIH/KC), HX (|)H6pHJlJMpHbie MOHOMepbl MOryT 
oSpaaoBbiBaTb ^HMepti, TCTpaMepbi, a nocaeanne o6pa3yiOT (jmSpnaaBi 
TOJimHHOH okojio 10 hm. Co CTOpOHbi KapHOiuia3MBi no/i BHyTpeHHCH a,a,epHOH 
MeMSpaHoii TaKHe (jmSpnaaBi o6pa3yiOT opToronaabiibie CTpyKTypBi, 
wepeayiounieca c pBixao pacnoao>xennoH ceTBio sthx ace (jmSpnaa. 

BejiKH naMHHBi c MCMopanoH CBasaiibi aBoaxHM o6pa30M. Tax aaMHH B nocae 
CHHTe3a MOflHcf)iin,HpyeTca ^o6aBJieHneM th,hpo(|)o6hoh H3oneHTHJiBHOH rpynnBi 
b6jih3h C-KOHu,a. 3Ta aiinocJmaBHaa rpynna BCTpaHBaeTca b cjioh MeMSpaHBi h 
xax 6bi 3aaxopeBaeT aaMHHy Ha MeMOpane. KpOMe Toro pejiBifi pan 
HHTerpanbHBix ochkob BHyrpeHHeH aaepnon MCMopaiibi (LBR, LAR, 3MepHH h 
np.) TaK/xe 3axpenjiaK)T aaMHHBi nocpencTBOM nonoaHHTeaBHBix SeaxoB, 
Bxoaauinx b cocTaB 3Toro (j)n6po3noro caoa. 3th ace 6eaxn ywacTByiOT b 
CBa3BIBaHHH a^epHOH MCMOpailbl C XpOMaTHHOM. 

HanSojiee xapaxTepHOH h SpocaiomeHca b ma3a CTpyxTypoii b cocTaBe 
a^epHOH oSojiohxh aBaaeTca nnepHan nopa. Ilopbi b oSoaonxe o6pa3yiOTca 3a 
chct flByx aaepiibix MCMopan b bhh6 oxpyrjiBix cxbo3hbix OTBepCTHH hjih 
nep(|)opaH,HH c nuaMeTpOM oxojio 100 hm. IIpH aabnernnHOH (jmxcaiiHH hjth npn 
HcnojiB30BaHini MCTona 3 a m o p a ac n b a n n a h cxajibiBaHHa b aaexTpOHHOM 
MHxpocxone bh^ho, hto oxpyraoe cxB03Hoe OTBepcrae b anepHoil oSoaonxe 
3anOJIHeHO CaOaCHO 0praHH30BaHHBIMH rJloSyJiapHBIMII H (jmOpHaaapHBIMH 
CTpyxiypaMH (pnc. 107). CoBOxynHOCTB MeMSpaHHBix nep(j)opau,HH h 3thx 
CTpyxiyp Ha3BiBaK)T KOMinjieKCOM nop n^pa. TeM caMBiM nonwepKMBaeTca, hto 
anepHaa nopa He npocTO cxB03Haa ^Bipa b anepHOH oSoaonxe, nepe3 xoTOpyio 
HenocpeflCTBeHHO BemecTBa anpa h u,HTonaa3MBi MoryT cooOmaTBca. 
KoMnoHeHTBi xoMnaexca nop hmciot SeaxoByio npnpoay. 

fl/jepHbin nopoBbin KOMinaeKC (^IIK nan NPC - nuclear pore complex) 
npeacTaBaaeT co6oh c y n p a m o a e k y a a p i i y i o CTpyxTypy c m.b. 6oaee 125 x 10 6 ,Zl,a, 
cocToamyio H3 6oaee 1000 SeaxoB, Macca xoTOpBix b 30 pa3 Soaxme neM 
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puSocoMa. BeuKH .flHK hocbt Ha3BaHHe HyiaieonopHHOB 50-100 BHaoB. 3 th 
S ejiKH coSpaHBi npHMepHO b 12 eySicoMnaeKCOB. 

B nocaeanee BpeMa yaaaocb noaymiTb OTaeTaiiBbie MSoOpaaceima 5I11K b 
3aeKTpOHHOM MHKpOCKOne, WTO aaeT B03M05KH0CTB nOIIHTb HX CTpyKTypHyK) 
opraHH3au,HK). BHeniHHH anaMeTp nopOBoro KOMnaeicca cocTaBaaeT omao 100 
hm, a BbicoTa - 75 hm. B peaoM oh npeacTaBaaeT co6oh pHaHHapHaecKyio 
(J)nrypy c npH3HaKaMH oicroroHaabHOH chmmctphh. HecMOTpa Ha oaeHb 
BneHaTaaiounie iooOpaaceHHa Bbiaeaeinibix 5H1K, pa3Hbie aBTOpbi aaiOT pa3Hbie 
cxeMbi capoeniia ttoto caoacHoro KOMnaeKca, oSaaaaiomero CHMMeTpHei! 
BOCbMoro nopaaRa. 

Echm nocMOTpeTb Ha iHIK b naaHe Ha yabTpaTOHKOM cpe3e, to SpocaeTca b 
raa3a, hto ero nepncjiepHa npeacTaBaeHa bocbmbk) raoSyaaMH (pnc. 108, 109). 
Ha Bbiaeaeinibix ace 5inK b nepByK) owepeab Bnanbi KoabwaTbie CTpyKTypbi. Ot 
nepn(J)epHHecKHx ko m n o ii e n t o b 5inK b CTOpOHy u,HTonaa3Mbi npocTiipaiOTca 
(J)H6pHaaapHbie BbipocTbi. Co CTOpOHbi aapa Toace (J)H6pHaaapHbie BbipocTbi 
o6pa3yiOT ko p3 h n ko n oa o 6 n y i o CTpyKTypy, CBasaiiiiyio TepMHHaabHbiM KoabuoM. 
B OoabHiHHCTBe Moaeaen ueiiTp miaMiiapimecKOM (JiHrypbi 5inK coaepacHT 
“npoSicy” (ueiiTpaabiiyio rpaHyay, nan TpaHcnopTep). no oanoi'i H3 Moaeaeil (cm. 
pnc. 93) H,HTonaa3MaTHaecKHe (jwaaMeiiTbi OTxoaaT ot h h to n a a 3 m bt h h e c ko ro 
Koabua, cocTOHLiiero H3 8 cySbeawnm. Meacay hhm h BHeumeH aaepnoii 
MeMSpaHOH pacnoaaraeTca TOHKoe Koabpo, a 3aTeM 3Be3aaaToe Koabpo. 
U,HTonaa3MaTHaecKoe Koabuo CBasaiio BHyTpeHHHMH (|)MaaMeiiTaiviM c 
TpaHcnopTepOM, KOTOpbiH naxoaHTca b Lie i it pe h sanoanaeT npocTpaHCTBO 
Meacay BHeunieH h BHyTpeHHeii aaepHOH MeMOpaHoii. CxoaHaa CTpyicrypa 
iiaxoaHTca Ha BHyTpeHHeii MCMOpane: 1 1 y Ka e o n a as m bt m h e c ko e Koabuo 
noaaepacHBaeT (jinaaMeHTbi “icop3HHbi”. ^pyrne BapnaHTbi Moaeaeii noKa3aHbi Ha 
(pHC. 110). 

Becb 5inK saKpenaaeTca HHTerpaabHbiMH SeaxaMH, ra h ko n p ot e h a a m h gp 210 
h POM 121 b CTeHKe MeMSpaHHOH nep(J)opau,HH. 
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IIo CBoeii CJI05KH0CTH opraHH3au,HH h, raaBHoe, no (JjyHKipiOHajibHOH 3HannMOCTH 
KOMnneKC anepnon nopbi mo'/Kiio 6biJio 6bi OTiiecTH k opranejuiaM kjictkh, t.k. hx 
ponb 3aKJiK)naeTca b KOHTpone 3a a,nepHO-ii,HTonjia3MeHHbiMH CBa3aMH. 

Pa3Mep anepiibix nop n nx CTpyKTypa CTannapTiibi He tojibko ana nannoii 
KJieTKH, ho n flna Bcex KJieTOK nannoro opraHH3Ma, 6onee Toro ana Bcex 
3yKapnoT. 

Bhcjio a^epHbix nop (cm. Ta6ji. 13) 3aBncnT ot MeTaSonnnecKon aKTHBHOCTH 
kjictok: neM Bbirne CHHTeTHnecKne npopeccbi b KJieTKax, TeM Sojibine nop Ha 
eflHHHpy noBepxHOCTH KJieTOHHoro a^pa. TaK, y 3pmpo6jiacTOB (kjictkh- 
npenuiecTBennuKH ajiepiibix ipuTpomiTOB) hh3hihx no3Bonownbix 5khbothbix bo 
BpeMa HHTeHCHBHoro CHHTe3a h HaKonjieHHa reMoraoSiina o6napy>KH BaeTca b 
a^pe okojio 30 a^epHbix nop Ha 1 mkm 2 . nocne toto KaK 3th npopeccbi 
3aKaHHHBaiOTca, b anpax 3pejibix kjictok - ipuTpomiTOB npeKpamaiOTca CHHTe3bi 
/(HK h PHK, h KOJinnecTBO nop najiaeT no 5 Ha mkm 2 . B anepiibix oSojionKax 
nojiHOCTbio 3pejibix cnepMaT030HHOB nopbi He oOnapyacMBaiOTca, TaK ace KaK y 
MHKpOHyKJieyCOB HeKOTOpbIX HH(J)y30pHH. KoJIHHeCTBO nop MO'/KCT H3MeHaTbCa B 
TeneHne KJieTOHHoro piiKJia. nepBoe B03pacTaHne nncjia nop HaOjiio^aeTca npn 
peKOHCTpyKiinn n pocTe anep nocjie MHT03a, BTOpon 3Tan yBejinneHna nncjia nop 
npoHexonHT bo BpeMa CHHTe3a /(HK. 

TaSnmja 13. KojnraecTBO anepnbix nop b paBJinmibix oObeKTax 


OSbeKT 

Hhcjio 

Bhcjio 


ajiepnbix 

nop Ha 


nop Ha mkm 2 . 

o^ho aflpo 

KceHonyc, now km 

10,05 

3400 

KceHonyc, oou,ht 

51,0 

37,6 x 10 6 

Mbinib, Kyjibiypa TKaHH 

10,83 

5050 

BeaoBeK, Kyjibrypa TKaHH 

11,24 

3930 

Kpbica, reiiaTomiT 

16,1 

3800 

MbIHIb, HHM(J)OU,IIT 

3,3 

400 

HeJIOBeK, HHM(J)OU,HT 

4,47 

700 


203 


IIo noBepxHOCTH flflpa nopbi pacnoaaraiOTca 6oaee nan MeHee paBHOMepHO, ho 
hx hhcjio pe3KO naaaeT b MecTax accou,Hau,HH c aaepHoii oSojiohkoh ynacTKOB 
reTepoxpOMaTHHa, a^ptmiKOBoro opraHH3aTOpa, TeaoMepHbix ynacTKOB. 

nopOBBie KOMnaeKCbi MoryT BCTpenaTbca h b apynix MCMopamibix 
KOMnoHeHTax KJieTKH, ho ropa3^o peace, neM b aaepHoii oSoaonKe. HHoraa 
nopOBbie KOMnaeKCbi bh^hbi b cocTaBe MCMopan rpanyaapnoro 
3 1 1 ao n a as m aT n h e c ko ro peTHKyjiyMa. Ohh oonapyaciiBaiOTca b cocTaBe OKOiinaTbix 
MeMSpaH u,HTonjia3Mbi, KOTOpbie npeacTaBaaiOT co6oh tccho pacnoaoaceHHbie 
nanKH 3 aMKHy Tbix njiocKHx MCMopamibix MeniKOB, cnjionib npoHH3aHHbix 
nopOBbiMH KOMnjieKcaMH, HMeiouiiiMii TaKyio ace CTpyKTypy, ktk h nopbi b 
aaepHoii oSojioHKe. 

HHTepecHbie aamibie 6bijih noayneiibi npn MOpcjiOMeTpHnecKOM iisyHeiiini 
nopOBbix KOMnjieKCOB b aapax h OKOiinaTbix MCMopanax SaacToaepMbi 
3M6pHOHOB ap030(J)HJlbI. OKa3aJIOCb, HTO npH nepeXOae OT CHHH,HTHaabHOH K 
u,ejuiK)JiapHOH CTaaHH, KOJiHHecTBO nop b o6onoHKax aaep ocTaeTca 
HeH3MeHHbiM, a KOJinnecTBO nop b OKOiinaTbix njiacTHHKax BbipacTaeT npnMepHO 
b 10 pa3. B aaJibHeHHieM OKOHnaTbie MeMSpaHbi nonHOCTbio Hcne3aK)T. Ha 
ocHOBaHHH 3Toro 6biJio caeaano n pea n on oacemie , hto Ha paHHeii CTaann 
pa3BHTHa b 6nacToaepMe aposocfninbi nponcxoaHT “cynepnpoayKHHa” nopOBbix 
KOMnjieKCOB (hjih HX KOMnOHeHTOB), H36bITOK KOTOpbIX “BCTpaHBaeTca” B 
OKOHnaTbie MCMopaiibi. T.e. m a k p o m on e Kyn ap h bi h ancaMSnb, cocTaBnaiomiiM 
KOMnjieKC naepHbix nop, cnocoSeH k aBTOHOMHOH caMoeSopKe h k 
nocneayiomeMy BCTpanBaHHio b pa3JiHHHbie MCMopainibie cncTeMBi. 

Pojib naepHOH o6ojioqKH b HaepHo-HHTonjia3MaTHqecKQM ofiivieHe 
Co BpeMeHH OTKpbiTHa aaepHoii oSojiohkh h onncaHHa ee CTpoeHHa aeJiajiocb 
3aKjnoneHHe o tom, hto aaepnaa ooonoiKa MO>KeT cnyacHTb perynaTOpOM b 
a a e p i i o - mi t o n a a 3 m aT h h e c ko m oSmciic h maBiiaa poab b sthx npoueccax 
OTBoanaacb aaepiibiM nopaM. OoMen ace npoayKTaMH Meacay aapoM h 
u,HTonaa3MOH b caMOM aeJie oneHb BeanK: Bee aaepHbie 6eaKH nocTynaiOT b aapo 
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H3 u,HTonjia3MBi h Bee (J)opMBi PHK BBreoaaTca H3 aaep. H b 3tom npopecce 
KOMiuieKC nopBi BBiCTynaeT KaK cy n p a\i on e xyn apHBiii komiuickc, BBinonnaiomiiH 
pojiB He tojibko TpaHCJiOKaTOpa, MexaHH3Ma nepeHOca, ho h pojiB copTiipoBuniKa, 
yanaiomero h OTSnpaiomero cnemianBiiBiM o6pa30M nepeHOCHMBie MOJieKyjiBi. 

B npouecce a a e p n o - h h t o n a a 3 m aT h h e c ko ro TpaHcnopTa aaepiiBie nopBi 
(J)yHKu,HOHHpyK)T KaK HeKOTOpoe MOJieKyjiapHoe chto, nponycKaa nacTimBi 
onpeaeneHHoro pa3Mepa naccHBHO, no rpaaneHTy KOHu,eHTpau,HH. TaK, hohbi, 
caxapa, HyKJieoTHflBi, ATO, ropMOHBi - cboSo^ho nocTynaiOT b anpa. C apyroil 
CTOpOHBi aaepHBie nopBi ocymecTBnaiOT H36HpaTejiBHBiH TpaHcnopT. 

Hepe3 aaepHyio oSonoHKy SeenpenaTCTBeHHO b o6e ctopohbi nponcxoaHT 
naCCHBHBIH TpaHcnopT BBICOKO MOJieKyjiapHBIX COeflHHeHHH, HMeiOHIHX Maccy He 
6onee 5 x 10 3 aanBTOH. ^Jia onpeaeneHHa pa3MepOB nacTHu,, Moryninx npoiiTH 
ckbo3b nopy, HcnojiB3yK)Tca rpaHyjiBi aexcTpana hjih KonnoHaHoro 30Ji0Ta, 
KOTOpBie nyTeM MHKpOHHBeXH,HH BBOflaTCa B U,HTOnJia3My 5KHBOH KJieTKH. Bbijio 
o6napy>Keno, hto MaKCHMajiBHBiH pa3Mep nacTim, cnocoOiiBix 
TpaHcnopTHpOBaTBca b aapo cocTaBnaeT 8,5-10 hm. IIpH stom CHanana nacTHu,Bi 
co6HpaK)Tca b 30He nopOBBix KOMnneKCOB, a 3aTeM OKa3BiBaK)Tca b nape. 
HenaepHBie Senxn c Maccoii SonBineii, neM 20 000-40 000 aanBTOH npoHHKaiOT b 
aapo Me^JieHHee, eenn BOo6me npoHHKaiOT. Tax HHBeu,npoBaHHBie 6enKH c 
MaCCOH 17 Kjl MOiyT npOHHKHyTB B aapO aOBOnBHO OBICTpO, 3a 2-3 MHHyTBI, 
6eaKH 40 k^H, - 3 a 30 MHHyT, 6enKH 60 k,Z], - BOo6me He npoHHKaiOT b napa. 
CnHTaeTca, hto 6enxn c r m a p oh h n a m h h e c k h m paanycoM ooaBuie 3,5 hm (hto 
eooTBeTCTByeT raoSyaapHOMy oenxy c Maccoii 65 k/J), He MoryT npocTO 
MexaHHHecxH npoxoaHTB nepe3 aaepHyio nopy. B sthx caynaax aaepHaa nopa 
BBiCTynaeT b KanecTBe peaaBHoro MoaeicyaapHoro chtb. 

Ho aeao ocaoacHaeTca TeM, hto mhothc 6eaKH nocTynaiOT KaK b aapo, Tax h 
BBixoaaT H3 Hero npomB rpaaneiiTa KOHH,eHTpau,HH. Tax, HanpHMep, 
xoHii,eHTpau, na thctohob b aape 3HanHTeaBHO BBirne, neM b u,HTonaa3Me. Ho, 
HecMOTpa Ha 3to, bo BpeMa CHHTe3a ,E(HK nponcxoaHT TpaHcnopT orpOMHoro 
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KOJiHHecTBa (10 6 MOJieKyn Kanc^Bie TpH MiniyTbi, hjih no 100-500 MOJieKyn wepei 
OflHy nopy 3a 1 MHHyTy) thctohob H3 u,HTonjia3MBi b anpo. C npyroil ctopohbi 
wepei anepiibie nopBi peaaBHO MoryT npoxo^HTB HeKOTOpBie SejiKH n ^aace 
MaKpOMOJieKynapHBie KOMnaeKCBi c Maccon 3HannTejiBHO OojiBmen, hcm 60 k^. 

Hepe3 anepiibie nopBi H3 n,HTonjia3MBi b anpo TpaHcnoprapyiOTca KpynHBie 
MOJieKyjiBi 6enKOB, HanpHMep, 6eaoK HyKJieonjia3MHH, neHTaMep c MoneKynapHon 
Maccon 125 k,Z],. H3 anpa nepea nopBi BbixonaT b u,HTonjia3My cyoneninninbi 
pnSocoM n npyrne pnSoHyKJieonpoTenflBi, MeHBinne H3 KOTOpBix MoryT hmctb 
Maccy 250 k,ZJ. 3th /jaHHBie noica3BiBaK)T, hto KOMnneKCBi a^epHBix nop He 
npencTaBnaiOT co6on npocTO MexannwecKne cnTa, KOTOpBie orpaniiHUBaiOT 
TpaHCnOpT MOJieKyn B 3aBHCHMOCTH ot nx pa3MepOB. 

PaSoTBi nocne^Hero BpeMeHH noKa3biBaiOT, hto MHorne a^epHBie SejiKH 
npoxo^aT nepe3 a^epHBie nopBi c noMomBio cnepnajiBHBix MexaHH3MOB, 
BKjnonaioinHx y3HaBaHne n CBaibiBanne KpynHBix anepiibix SejiKOB, a 3aTeM 
tojibko nx TpaHcnoKapnio, nepeHOC nepe3 nopBi. Bbijio naHneno, hto ochkh, 
TpaHcnopTHpyeMBie b a^po, hmciot onpeflejieHHBie nocneflOBaTejiBHOCTH 
aMHHOKHCJIOT - nOCJie^OBaTeJIbHOCTH H^epHOH JIOKaJIH3apHH (NLS), KOTOpBie 
y3HaiOTca penenTopaxiH anepnbix nop. TaKne NLS xapaKTepHBi ana 
KapHO(j)HJIBHBIX 063 KOB, T.e. flJia 063 KOB a^epHOH 30Ka3H3aU,HH, KOTOpBie 
CHHTe3npyiOTca Ha pnSocoMax b u,HTon3a3Me, a 3aTeM TpaHcnopTHpyiOTca b 
a^po. 

HMnopT KapiIO(|)II 3 BHbIX 6 e 3 K 0 B 

BnepBBie aMHHOKncnoTHBie nocneflOBaTenBHOCTH a^epHoii 30Ka3H3au,HH 6bi3h 
o6napy>Kenbi Ha C-KOHpe cySBeaHinm MoaeicyaBi HyK3eon3a3MHHa (anepiibiH 
SenoK, npHHHMaioiHHH ynacTiie b CTpyKTypH3an,HH xpOMaTHHa). 3th 
TKcnepHMeHTBi 6bi3h npoBefleHBi Ha SecKaeTOHHoi! CHCTeMe, Kor^a BBmeneHHBie 
anpa noMemanHCB b h h t o na a3 m bt hh e ck h ii 3KCTpaKT oou,htob KceHonyca, Kyra 
^o6aB3a3H HaTHBHBie H3H H3MeHeHHBie M03eKy3BI HyK3e0n3a3MHHa. 3to 
Kpyniibiil 6eaoK (125 k,EQ, cocToamnn H3 nara cyOBeninniH, Kaac^aa H3 kotopbix 


206 



oSaaaaeT raoSyaapHoii h (f)H6pHaaapHOH, C-KOHpeBOH, nacTaMH. Ecan yaaaHT 
nyTeM npOTeoaH3a npHMepHO 50 aMHHOKHcaoT c C-KOHpa, to hii neHTaMep, hii 
MOHOMepBi b aapo He nonaaaiOT, b to BpeMa KaK OTmenaemibie (jmSpHaaapHbie 
yaacTKH nepe3 nopbi npoxoaHT cboOohho, Taic KaK coaepacar NLS-yHacTOK. 

Eoaee toto, npn CMeimiBaHHH neaaepiibix ochkob c sthmh NLS-cjDpameHTaMH, 
TaKHe KOMnaeKCbi cnocoOHbi TpaHcnopTHpOBaTbca b aapo. ,Z(aace KpynHbie 
nacTHpbi ^eKCTpaHa (20 hm), HecnocoSHbie npOHHKaTb b aapo, npn CBa3biBaHHH c 
hhmh NLS-nocaeaoBaTeabHOCTeii HyKaeonaa3MHHa TpaHcnopTHpoBajmcb H3 
H,HTonna3MaTHHecKoro 3KCTpaKTa b aapo. 

IIoapoSHO CTpoeHHe NLS royneHO y 6eaxa T aHTHreHa BHpyca SV40. 
KapHO(J)HabHbiH ciiTHaji cocToaa 113 noeaeaoBareabHOCTH: Pro-Lys- 128 Lys-Lys- 
Arg-Lys-Val. OaHa annib aMHHOKHcaoTHaa 3aMeHa ( 128 Lys Ha Thr hjih Asp) 
nOHHOCTbK) HHHiaK)T 3TOTO (JtparMeHTa KapHO(J)HabHbIX CBOHCTB. OKa3anOCb. HTO 
MO>KHO C03aaBaTb XHMepHbie 6eaKH C 3THM aMHHOKIICaOTHblM aOMCIIOM, HTO 
no3BoaaeT neoSbimibie ana anep 6eaKH (aabOyMHii naa3Mbi, h m m y ii o ra o 6y a h n G, 
h aaace (jieppHTHH c Moa. Maccoii 465 k,!],) TpaHcnopTHpOBaTb nepe3 aaepHbie 
nopbi. 

Ebiao noKa3aHO, hto 6eaoK c NLS npoxoaHT b aapo nepei HecKoabKO 3TanoB 
(pnc. 111). HMnopT HanHHaeTca c toto, hto NLS-6eaoK CBa3biBaeTca c 
reTepoaHMepoM peuenTopa NLS, c SeaxaMH HMnopTHHaMH a h (3, 
aoKaaH30BaHHbiMH b u,HTonaa3Me. Bo3hhkhihh ochkobbih KOMnaeKC 
( HMnopTHpyeMbiii 6eaoK c NLS, CBa3aHHbiH c HMnopTHHaMH a h (3) noaxoaHT k 
BHeuiHeii aaepHoii MeMSpaHe h 3aKpenaaeTca Ha u,HTonaa3MaTHHecKHx 
(})HaaMeiiTax nopOBoro KOMnaeKca. 3aTeM stot KOMnaeKC BxoanT b aaepnyio 
nopy h npoxoaHT wepea “TpaHcnopTep”. CmmieTca, hto TpaHcnopTep coctoht H3 
MHoacecTBa ibbiitbix SeaKOBbix (j)HaaMeiiTOB, oSoramemibix aaaHHHOM h 
ranu,HHOM (LG-(J)HaaMeHTbi), npeacTaBaaiomHx co6oh 6apbep ana TpaHcnopTa 
neKapMO(|)MHbnbix ochkob. KoMnaeKC ace, MMeiounin NLS KaK 6bi pa3pbixaaeT 3Ty 
ceTb h npoxoaHT nepe3 KaHaa TpaHcnopTepa. Llocae nepexoaa KOMnaeKca b 
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HyKJieoima3My HMnopTHH (3 CBa3braaeTca c 6eaKOM RAN, npeacTaBaaiomero 
co6oh Maayio GTP-a3y, hto npiiBoaHT k pacnaay KOMiuieicca. H m noprapy e m li h 
6eaoK ocBoSoacaaeTca h ocTaeTca b nape, hmiiopthh a B03BpamaeTca b 
HHTonaasMy, TaK ace icaic h HMnopTHH (3, ho b cbh3h c RAN-GDP, me nocaeanne 
TaKace AHCCopHHpyiOT. TeM caMBiM TOJiBKO 6enoK c NLS ocTaeTca b cocTaBe aapa 
(pHC. 111). 

3KCnopT H3 Hjpa B UHTOnJia3MY 

H 3 aapa b HHTonaasMy TaKace cymecTByeT noTOK KaK ochkob, TaK 11 aaepnbix 
TpaHCKpimTOB b BH^e pHSoHyKaeonpoTeHflOB. B npHHpiine 3tot 3KcnopT CBoeii 
opraHH3aH,iiii cxoaen c npoueccoM HMnopTa KapHO(J)HabHbix 6eaKOB. TaK 6biao 
oonapyaceno, hto rnniconpoTenanbie MoaeKyabi, CBa3biBaiomHe anranabi, 
aoKajiH3yiOTca b mccto nopOBbix KOMnneKCOB h co ctopohm aapa. OaHa 11 Ta ace 
nopa MoaceT npiiHHMaTb ynacTiie KaK b HMnopTe, TaK 11 b 3KcnopTe 
MaKpOMOJieKyji. B nonb3y stoto roBOpHT to, hto nacTHHKH KoaaonaHoro 3oaoTa, 
CBH3amioro c HyKaeonaa3MHHOM, copSnpyiOTca Ha aaepHoil nope co ctopohm 
u,HTonaa3Mbi, oanoBpeMenno c cop6u,neii nacTimeK, CBa3aHHbix c PHK, 
HH'beu.HpOBaHHbix b aape oou,htob. noaoOHbie 3KcnepHMeHTbi noKa3aan, hto 
MHonie PHK (tPHK, 5S PHK, nojiH-Y h noan-A), CBa3aHHbie c KoaaoHanbiM 
3oaoTOM, a k k y m y a n p y 1 o t ca b 30He aaepnbix nop, a 3areM nepeHoeaTca b 
u,HTonaa3My. Boaee toto, PHK cnocoocTByeT nepeHoey L iepe3 aaepnyio nopy 
KpynHbix nacTHu, 3oaoTa pa3MepOM ao 20 hm. OSpaTHoro nepeHoea He 
npoiicxo^HT: aHaaorHHHbie nacTHHKH, inibemipoBamibie b u,iiTonaa3My ooujiTa, b 
aapo He npOHHKaiOT. 

Hto KacaeTca ecTecTBemibix bhhob PHn, to KOMnaeKCbi aaepnbix nop TaKace 
aoaacnbi y3HaBaTb cneu,iicf)HHecKHH cnmaa Ha 3KcnopT. BeaKOBbie KOMnoHeHTbi 
PHn HecyT aMHHOKHcaoTHbie n o ca e a o b aT e a b n o c t 11 , curaaabi aaepnoro iKcnopTa 
(NES), KOTOpbie aaiOT B03M0acH0CTb pa3aHHHMM PHn npoxoaHTb nepe3 aaepnyio 
oSoaoHKy b u,HTonaa3My. 
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B 3tom cayaae Taxace oopaayeTca cjio^khbih xoMnaexc, cocToauntH H3 
nepeHOCHMoro 6eaxa c N E S - n o ca e a o b aT e a b n o ct b i o (cBaaannoro c PHK nan 
CBOSoaHOro), aCCOD,HHpOBaHHOrO C 6eaKOM 3KCnOpTHHOM 1, KOTOpblH B CBOK) 
onepeab CBaaan c RAN-GTP. 3tot KOMnaeKC npoxoanT aepe3 ueiiTpaabiibifi 
KaHaa, coaaaBaeMbiH TpaHcnopTepOM, b n,iiTonaa3My, rae h aHCComnipyeT. npH 
3 tom ocBoSoacaaeTca 6eaoK c NES-yaacTKOM (nan PHII), KOTOpbiH ocTaeTca b 
u,HTonaa3Me. 3xcnopTHH 1 h RAN nocae rnapoaroa GTP CHOBa B03BpamaiOTca b 
aapo (pHC. 112). 

B nponecce axcnopTa PHII aaepnaa nopa KOHTpoaHpyeT He Toabico SeaxoBbiil 
KOMnoHeHT. Haepnbie nopbi y3HaK)T h He 3KcnopTHpyK)T KOpOTKHe (100 
HyKaeoTHaoB) tPHK, ecan b hx CTpyKType ecTb xotb oaHa 3aMeHa. TpaHcnopT 
He3peabix (j)opM hPHK, hmciouiux HHTpOHHbie yaacTKH, He nponcxoaHT. Boo6me 
b u,HTonaa3Me He o6napy>KHBaiOTca He3peabie PHK. BepoaTHO, ana axcnopTa 
HeKOTOpbix PHK neoOxoaHMa hx CBa3b c ocoobimm SeaxaMH. Tax 5S PHK 
nepeHOCHTca b u,HTonaa3My BMecTe c t p a n ck p a n h h o n n b i m (j)aKTopoM TFIIIA, 
nan c oeaKOM L5. MyTaHTHbie (jDopMbi 5S pPHK, KOTOpbie He CBa3biBaiOTca c 
TFIIIA, ocTaKDTca b aape. 

Maao H3yaeH Bonpoc o TpaHcnopTe b u,HTonaa3My KpynHbix PHH- 
KOMnaeKCOB, tbkhx kbk cy6beaHHHu,bi p moo com, HH(j30pM0C0Mbi h Maabie 
aaepHbie PHn. Bo3mo>xho Bee ohh noa aeiiCTBHeM xaxHx-TO (J)axTOpOB 
pa3BOpaaiiBaK)Tca, MeHaiOT cbohd KOH(J)opMau,HK) h npoxoaaT aepe3 nopOBbiil 
KOMnaeKC. B noab3y stoto roBOpaT naOaioaenna raHTeaeBHaHbix PHK- 
coaepacaninx aacTHH,, b npocBeTe nop aaep rHraHTCKnx caiOHHbix aceae3 
HaceKOMbix. CaHTaeTca, hto 3Ta KapTHiia OTpaacaeT momciit Bbixoaa H3 aaep 
PHn-aacTHu, 60 hm b anaMeTpe, othochmbix k HH(J)opMO(j)epaM. HffrepecHO, aTO 
cocTaB oeaKOB b u,HTonaa3MaTnaecKHx HH(j30pMau,H0HHbix PHn hhoh, 3to mo'/KCt 
roBOpHTb o tom, aTO b 30He nopOBbix KOMnaeKCOB nponcxoaHT “nepeoaeBaHne” 
HH(J)opMaH,HOHHbix PHK, CBa3b hx c HHbiMH SeaxaMH. 

^HHaMHKa HjepHOH o6oaOHKH B MHTQ3e 
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Bojitmeii nacTbio, ho He y Bcex bh^ob (HCKmoneHiie cocTaBnaiOT aMeSbi, 
OBraeHOBBie, HH(j)y30pHH, ,nHHO(J)narennaTbi, MHorae Bonopocnii, HeKOTOpBie 
rpnGbi), aaepHaa oSononKa pa3pymaeTca npn MHT03e h CHOBa B03HHKaeT nocjie 
nenemia khctok. 3to Tax nasbiBaeMbiH orapbiTbiil ran MHT03a (pnc. 113). npn 
3tom b npocj)a3e no Mepe Konnencamni xpomocom anepnaa oSojionica TepaeT c 
hhmh CBa3b, a 3areM b Hen noaBnaiOTca pa3pbiBbi. OHa npHoSpeTaeT bh^ 
nnocKHx MCMopamibix BaKyoneil, HHCTepn. B 3to BpeMa anepnbie nopbi eme 
BHaHbi. IIo3aHee ohii HCHe3aiOT. Bo BpeMa MHT03a 120 M,Z],a KOMnneKC aaepHoi! 
nopbi pa36npaeTca Ha eySKOMnneKCbi npnMepHO no 1 M^a. Pa36opKa nop 
HannHaeTca c (JioccjiopHnHpOBaHHa paaa HyKneonopHHOB MHToranecKon 
cdc2/n,HKanH B KiiHa3on. 

Anepnaa oSononica npeBpamaeTca b CKonnenne mchkhx MCMopamibix 
ny3bipbKOB, ORpyacaioninx 30Hy SbiBinero HHTep(J)a3Horo anpa. TaKne ny3bipbKH 
m o p (}) on o r h h e c k h nenbia OTnnnnTb ot npyrux Menxnx BaKyonen b u,HTonna3Me, 
ohii Bepoarao cniiBaiOTca c BaxyonaMH 3 n n o n n a 3 m aT hh e c ko ro peTHKynyMa. B 
MeTa(|)a3e Meiviopamibie aneMeiiTbi ii,HTonna3Mbi orrecnaiOTca k nepncjiepHHecKHM 
30HaM KneTOK m h k p ot p y 6 o h Ka m h BepeTeHa nenemia. 

B KOHii,e aHa(J)a3bi, Korna npeKpamaeTca nBH/Kenne xpomocom k 
n poT m bo n on o>K n bi m noniocaM Kneran, MCMopamibie ny3bipbKH u,HTonna3Mbi, h b 
nepByio owepenb MCMOpaiibi rpanynapnoro 3 n n o n n a3 m aT n h e c ko ro peTHKynyMa 
(cm. HHnce), naHiniaiOT KOHTaKrapOBaTb c noBepxHOCTbio xpomocom. 3ra 
KOHTaKTbi npoHexonaT c nan an a b neoonbuiOM nucne tohck, ho 3aTeM naHiniaeTca 
nepecTpoiiKa h pocT arax nepBimnbix sanaTKOB anepnon ooonoHKH. Ohii H3 
Menrax ny3bipbKOB npeBpamaiOTca b nnocKiie BaKyonn, Korapbie paciyT b 
H iiipHHy h oSBonaKHBaiOT noBepxHOCTb neKOHnenciipyiomuxca xpomocom. 
ynacTKH Tarax pacTyuinx nnocrax MCMopamibix mcuikob cniiBaiOTca, 3aMbiKaa h 
OT ropancHBaa co^epncHMoe hoboto HHTep(J)a3Horo a^pa. HHTepecHO, hto a^epHbie 
nopbi noaBnaiOTca Ha caMbix paHHnx manax peKOHCTpyKH,HH anepnon ooonoHKH, 
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Kor^a aBOHHLie MeMSpamiBie iiHCTepHBi eme He coMKHyjiHCB h (JjaKTHnecKH 
HHnero He pasaejunoT. 

npH peKOHCTpyKu,HH aaepHoi! oSojiohkh npoHexoaHT cSopKa aaepHtix nop. 
OHa HanHHaeTca c o6pa30BaHHH hmkh npn cjihhhhh BHeniHeii h BHyTpeHHeii 
aaepHOH MCMopaiibi, KOTopaa 3aTeM npeBpaipaeTca b OTBepcTiie. B 3tom 
npopecce npHHHMaiOT ynacTHe HHTerpajiBHBie SejiKH gp 210 h POM 121, 
KOTOpBie BnocjieflCTBHH Syayr 3aKpenjiaTB 5I1TK Ha MCMopanax. 

3a 3thm cjieayeT noaBJienne BHyTpeHHHx CTpyKTyp 3HIK: KOMnjieKC Kuuua, 
cmm,, ^oSaBJieHHe 3Be3flnaToro KOJiBpa h apyrnx CTpyKTyp, h, HaKOHeu,, 
(j)HJiaMeHTOB. 

Y HeKOTOpBix hh3hihx opraHH3MOB b cjiynae 3aKpBiToro MHT03a aaepnaa 
oSojiOHKa He Hcne3aeT, OHa b 30He aaepHoi! nepeTaacKH 3aMBncaeTca, hto 
npHBOAHT k o6pa30BaHHK> flByx hobbix aaep. 3^ecB ynacTne aaepHoil oSojiohkh b 
^ejieHHH KJieTKH 3aKJHOHaeTca b tom, hto Ha Hen 3aKpenjieHBi xpomocombi, h OHa, 
no-BHa,HMOMy, npHHHMaeT ynacTiie b iinayKHini oSpaaoBanna MHKpOTpySoneK, 
HeoSxoaHMBix npn aeJieHHH KJieTOK. 

IIO-BHa,HMOMy, a JIB peKOHCTpyKU,HH aaepHOH oSojiohkh I ieooxoa II M BI M 
ycjiOBneM aBJiaeTca aeKOHaeHcaiiHa xpomocom. Bbijio noKa3aHO, hto ecjin 
BBI3BBTB npeacaeBpeMeHHyiO ^eKOHaeHCaU,HK) MeTa(jia3HBIX XpOMOCOM, TO OHH 
01611 B OBICTpO KOHTaKTHpyiOT C MeMSpBHHBIMH ny3BIpBKaMH H OJieBaiOTCH KaJK^aa 
CBoeii OTaejiBHO aaepHoi! oSojiohkoh, BCJieacTBHe Hero b KJieTKe B03HHKaeT 
MHoacecTBO Tax Ha3BiBaeMBix MHKpoaaep, Kaacaoe hx kotopbix bo3hhkjio H3 
OAHOH XpOMOCOMBI . 

C apyroii CTOpOHBi, mo>kho 3KcnepHMeHTajiBHO BBi3BaTB pa36opKy aaepHOH 
oSojiohkh y iniTepcjiainoro aapa. 3to npoHexoaHT, ecjin cjihtb b KyjiBType TKaHH 
ABe KJieTKH Ha pa3HBix CTaanax KJieTOHHoro u,HKJia h nojiyHHTB t.h. 
reTepOKapHOH, rae oano H3 aaep SyaeT naxoaHTBca b iiiiTepcjjaie, a apyroe Sbitb 
B BH^e MHTOTHHeCKHX XpOMOCOM B M6Ta(})a3e. B 3TOM CJiyHae B HIITepcJiaailOM 
aape HanHHaeT KOHaeHCHpOBaTBca xpOMaTHH, oSpa3yiOTca npeacaeBpeMemio 
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KOHfleHCHpOBaHHbie xpOMOCOMM, a anepHaa oSonoHKa Hcne3HeT Tax ace KaK bo 
Bpervifl HOpManbHoro MHT03a (pHC. 114). 3th aamibie TOBOpaT o tom, hto b 
u,HTonna3Me mutothhcckoh kjictkh cymecTByiOT KaKHe-TO (jiaKTopbi, 
BbObiBaKDHHie KaK KonaencauHio xpomocom, Tax h napajuiejibHbiii 3TOMy npouecc 
pacnana anepHoil oSojiohkh. 

Cxonnaa nmiaiviMKa coBnaneiwa npoueccoB nepecTpoiiKH xpomocom h 
anepHoil oSojiohkh HaSaionaeTCH h b npyroil CHCTeMe, b u,HTonjia3Me oou,htob 
hjih b SecKJieTOHHBix u 11 t 0 n a a 3 m aT hh e c khx 3KCTpaKTax oohhtob. Tax eCJlH B 
H,HTonna3My oopirra aiYicjiiiSHM Ha CTaflHH MeTac|)a3bi inibemipoBaTb Bbiaeaemibie 
HHTep(|)a3Hbie anpa, to hx anepnaa oSonoHKa paaSupaeTCH, a xpOMaTHH 
KOH^eHCHpyeTCM B BH^e M HTOTHHe CKHX XpOMOCOM. EcJIH 5Ke B OO HUT Ha CTa^HH 
HHTep(|)a3bI BBeCTH M H TO T H L I e C K H e XpOMOCOMBI, TO OHH IiaHHIiaiOT 
AeKOH^eHCHpOBaTbca, noaBJiaiOTca MHoacecTBeHHbie MejiKHe BaxyonH, KOTOpbie 
cjiHBaacb apyr c npyroM, o6pa3yiOT anepnbie oSojiohkh. HHTepecHO, hto b 
u,HTonna3My HHTep(J)a3Horo oopirra mo'/Kiio bbccth na>Ke nyaceponHyio HHCTyK) 
^HK, KOTopaa, CBaibiBaacb c riiCTonaiviH b u,HTonna3Me, o6pa3yeT xpOMaTHHOBbie 
tjtm6kh, KOTOpbie b cboio onepeflb oneBaiOTca anepiibiMii oSonoHKaMH h 
npeBpamaiOTca b MHKpoanpa. 

3th 3KcnepHMeHTanbHbie npHeMbi BMecTe c mctohom HMMyHO(J)Jiyopecu,eHu,HH 
no3BOJiHJiH npocjieflHTb cyab6y mhothx Scjikob anepnoil oSojiohkh bo BpeiviH 
MHT03a. IIoflpoSHO royneHa cy^b6a jiaMHHOB. Emjio HaiineHO, hto (J)h6po3hmh 
cjioh JiaMHHOB AenojiHMepH3yeTca napannejibHO pacnany anepHbix MeMSpaH h 
KOH^eHcau,HH xpOMaTHHa. 3T0My npeauiecTByeT oSnjibHoe (b 7 pa3 Bbirne, hcm b 
HHT epc|)a3e) (}) o c c{) o p n a h p o b a n h e JiaMHHOB. JlaMHHbi A h C npn 3 tom 
ae noji h Mep Hiy iotch no nuiviepoB h TeTpaMepoB h, nepexona b pacTBOpHMoe 
cocTOHHHe, paBHOMepHO pacnpenenaiOTca b u,HTonjia3Me BHe cbh3h c npyrHMH 
CTpyKTypaMH. JlaMHH B Toace ae n oji n m e p h 3y ctch ho ojinroMepOB, ho ocTaeTca 
CBH3aHHbIM C M 6 M 6 p a II 1 1 b I M II ny3bIpbKaMH, B03HHKHIHMH 113 HHCpHOH 06OJIOHKH. 
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IIpH c6opxe aaepHOH oSoaoaxH b Teao(j)a3e 6eaxn naMHHBi 
HMMyHOXHMHHeCKH IiaHHIiaiOT BbDIBaaTbCa B H,eHTpOMepHbIX H TeJIOMepHBIX 
yaacTxax xpomocom, TaM ace oonapyacMBaiOTca nepBtie npH3HaKH oopaBOBanna 
hoboh aaepnon oSojiohkh. TaM ace HaxanaHBaiOTca aHTHTena k 6eaxaM nopOBoro 
KOMnaeKca. B 6e c xa ctoh ii o h chctcmc u h t o n a a 3 m ar m h e c xo ro 3KCTpaKTa ooh,htob 
6bijio noKa3aHO, hto accopHapHa pacTBOpHMBix b MHT03e aaMHHOB A h C 
npoHCxo,zpiT He3aBncnMO ot jiaMHHa B. OKa3aaocb, hto ecaH CHCTeMy 
pexoHCTpyxpHH apepnoM oSojiohkh jihiuhtb JiaMHHa B, to aaMHHbi A h C 
CBa3bIBaK)TCa C IIOBepXHOCTbK) XpOMOCOM, HO cSopKH apepHOH oSojiohkh He 
npOHCXOflHT. B 3KCTpaKTe, JIHHieHHOM JiaMHHOB A H C, JiaMHH B CBiOblBaeTCa c 
xpOMOCOMaMH, ho HOpMaabHaa apepnaa oSoaonxa Tax ace He (jiopMHpyeTca. 

HacTb IV. XJ,HTonjia3Ma 

H,HTOnJia3Ma - 3TO TOT KOMnOHeHT XaeTXH, KOTOpblH OCTaeTCa, eCJIH mckhiohiitb 

*wpo. 

H,HTonjia3Ma MoaceT 3aHHMaTb y pa3Hbix throb rjictok paaaHHiibie oObeivibi. 
Tax y jiHM(j)ou,HTOB ee o6beM npHMepHO paBeH oSbeMy appa, y renaTopHTa, 
HaoSopOT, appo 3aHHMaeT Bcero oxojio 6 % ot o6mero oSbeMa xaeTXH, y 
HeiipOHOB 3Ta poaa b 600 pa3 MeHbrne. 

Tax ace xax h appo pHTonaa3Ma MHoroxoMnoHeHTHa. Yace b cbctoboh 
MHxpocxon b u,HTonaa3Me acHBoii xaeTXH bhphm xaxne-TO BxpanaeHHa, 
HeOpHOpOpHOCTH, HaCTHHXH. OcoSeHHO HeOpHOpOpHOCTb pHTOnaa3MbI BH^Ha 
npn H3yneHHH ee b aaexTpOHHOM MHxpocxone. OopMaabHO CTpyxaypy 
u,HTonaa3Mbi noppa3peaaiOT Ha TpH aacTH: opraHejiJibi, BKJiioHeHHH, 

rHajionjia3Ma (ocHOBHaa naa3Ma, pHT03oab). OpraHejiJibi - o6a3aTeabHbie paa 
hio6om xaeTXH xoMnoHeHTbi, 6e3 xoTOpbix xaeTxa npocTO He MoaceT 
noppepacHBaTb CBoe cymecTBOBaHHe; BxaiOHeHHa - Heo6a3aTeabHbie 
xoMnoHeHTbi, xoTOpbie npepcTaBaaiOT co6oh nan OTaoaceHHa 3anacHbix BeipecTB 
(raHxoreH, aceaTOHHbie rpaHyabi) nan cxonaeHHe npopyxTOB MeTa6oaH3Ma 
(nHTMeHTbi, xpHCTaaabi coaefi h ap. b pacTHTeabHbix xaeTxax). H opraHeaabi h 
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BKJiiOHeHJM norpy/Keiibi b rHanonjia3My - /KEiaKyio (j)a3y u,HTonjia3MBi KJEeTKH. 
Ba/Kiio HanoMHHTB, hto KJieTKa KaK TaKOBaa npeacTaBJEaeT co6oh MeMopainibni 
MemoneK, 3anojEHeHHbiH boahbim pacTBOpOM 6eaKa. Bot npHMepHbiH 
xHMHnecKHH cocTaB KJieTKH: Boaa - 85%, 6eaoK - 10%, ^HK - 0,4%, PHK - 
0,7%, jiHiraflBi - 2%, HeopraHHHecKHe cojih - 1%, opraHHnecKHe coeaHHeHHa - 
1%. IIpHMepHO 25% ot cyxoro Beca KJieTOHHBix SejiKOB npHxoaHTca Ha oeaKii 
acHflKoii (|)a3Bi ayKapHOTHHecKOH khctkii, Ha rHajionjia3My. B 6aKTepHajiE.HE.ix 
KJEeTKaX, OeailblX MeM6paHHbEMH 3JEeMeHTaMH, Ha flOJEEO 063 KOB THaJEOnJEa3MbE 
npHXOflHTCa OKOJEO nOJEOBHHbE BCeX 6eJEKOB KJEeTKH. 

EriaBa 11. rHajioiuia3Ma h opraHejiJibi 

TepMHH rnajEonjEa3Ma (ot hyaline - npoapamibiH), ocnoBiiaa njEa3Ma, MaTpHKC 
EJ,HTOnJEa3MbE HJEH H,HT030JEb OOOHiaHaiOT OHCIIb BaaCHyEO HTCTb KJEeTKH, ee 
HCTHHHyEO BHyTpeHHEOEO Cpe^y. rHaJEOnJEa3My aOCTaTOHIIO npOCTO nOJEyHHTb B 
BH^e (J)paKH,HH. ,H,jEa 3Toro nyTeM ^H(J)(J)epeHEi,HajEbHoro peHTpHcjjyrHpOBaHHa 
ocaac^aEOT H3 TOMoreHaTOB khctok Bee TaacejEbie KOMnoHeHTbE bhjeotb ao 
Ph6ocom. HaaocaaonHaa acnaKOCTb b stom cjEynae h npeacTaBJEaeT co6oh 
paCTBOpHMbEH KOMnOHeHT E],HTOnJEa3MbE, IJHT030JIb HJIH rHaJIOIIJia3My. U,HT030JEb 
- He npocTO pa36aBJEeHHbEH bo^hbeh pacTBOp; ero cocTaB BecbMa cjEoaceH, a 
KOHCHCTeHEina npHOHH/KaeTca k rejEEO (ace-ae). TejEH - sto CTpyKTypHpOBamEbEe 
KOJEJEOHflHbEe CHCTeMbE C >KHflKOH flHCnepCHOH Cpe^OH. HaCTHEI,bl flHCnepCHOH 
(j)a3bi coeannenbi Meacay co6oh b pbEXJEyEO npocTpaHCTBeHHyEO ceTKy, KOTOpaa 
co^epacHT b cbohx aneHKax ancnepcHyEO cpeay, jEHmaa TeKynecTH CHCTeMy b 
EieaoM. Teab THajEonaa3MbE hjeh eihto30jeb OTHOCHTca k t.h. thkcotpohhbem reaaM, 
KOTOpbEe noa B03fleiECTBHeM BHerHHHx ycaoBHH (TeMnepaTypa, aaBJEeHHe) hjeh 
BHyTpeHHHx (J)aKTOpOB (cj)aKTopoB CTaSnaHjamni hjeh a e n oa m m e p h 3 a hum) MoryT 
MeHaTb CBoe arperaTHoe cocToaHHe h nepexoaHTb b MeHee Ba3Kyto, OojEee 
acH/TKyEO cj)a3y - b johb (pacTBOp). TaKHe reab-ioab nepexoabi owenb xapaKTepHbE 
aaa rEiaaonaasMbi. TaK, HanpHMep, npn BbECOKHx THapocTaTHHecKHx aaBaennax 
HHTonaa3Ma He ynaoTiiaeTca, a oopaTnivio pa3acHacaeTca. OTaeabiibie 30iibi 
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rHajionjia3MBi MoryT MemiTb CBoe arperaTHoe cocToamie b 3aBHCHMOCTH ot 
yCJIOBHH HJIH OT (J)yHKU,HOHaJIBHOH 3a/jaHH. TaK, H3BeCTHO, HTO OTfleJIBHbie 
MOJieKyjiBi 6ejiKOB-iy6yjiHHOB MoryT 6bitb nucnepnipoBanbi b THajionjia3Me, ho b 
onpeneneniibie momchtbi ohh naHiinaiOT coOnpaTbca h CTpOHTb nJiinnibie 
TpySnaTbie CTpyKTypbi - m h xpoTpySow kh . 3tot npouecc caiviocSopKii 
MHKpOTpySoneK oSpaTHM! npH H3MeHeHHH yCJIOBHH 5KH3HH KJieTKH (nOBbIHieHHe 
^aBJieHHa hjih H3MeHeHHe nponimaeMOCTii MCMopan kjictkh) m h xpoTpy ooh k h 
pacnanaiOTca a o MOHOMepHbix MOJieKyji TySyjiHHOB. TaKHM ace o6pa30M b 
SeccTpyKiypHoii Ha nepBbin B3TJiaa THajionjia3Me MoryT B03HHKaTb h 
pacnaaaTbca paaaHHiibie (jiHSpHJijnipHbie, iniTHaTbie KOMnjieKCbi SejiKOBbix 
MOJieKyji. 

rionoonbie renb-30Jib nepexoabi MoryT onpeaejiHTbca Taicace apyrriMM 
SejiKaMH, HanpHMep, aKTHiiOM, kojikhcctbo KOTOporo b HeKOTOpbix neMbiuiemibix 
KJieTKaX MO'/KCT HOCTHraTb 10%. npH B3 a M M 0/1 e il C T B H H (jfflSpHJIJiapHOTO aKTHHa c 
SejiKaMH THna (jiHSpHHa nponcxoaHT CTa6HJiH3au,Ha rejia, a npn CBa3biBaHHH c 
SeJIKaMH, aKTHBHOCTb HeKOTOpbix 3aBHCHT OT KOHU,eHTpaiI,HH Ca ++ (reJIb30JIHH), 
npoHCxo^HT cjiparMeiiTamHi (jinSpHiui h nepexoa Been chctcmbi b acnaKoe 
cocTOUHHe (30jib). TaKHM nyTeM MoaceT mcihitbch cocToamie u,HTonjia3Mbi b 
pa3JiHHHbix ynacTKax kjictkh, hto ooecneniiBaeT aBHacenne Been khctkii hjih 
OT^ejibHbix ee b n y t p h kh ctohi i bi x kom no ne iito b . 

(I>yHKu,HOHajibHoe inaHemie THajionjia3Mbi owenb bcjihro. 3aecb ji0KajiH30BaHbi 
(JiepMeilTbl, yHaCTByiOUHie B CHHTe3e aMHHOKHCJIOT, HyKJieOTHaOB, aCHpHBIX 
khcjiot, MeTa6ojiH3Ma caxapOB. B THajionjia3Me nponcxoaHT chhtc3 h OTJioaceHHe 
3anacHoro nojiHcaxapnaa mHKoreHa, HaKonjieHHe 3anacHbix acnpOBbix Kanejib, 
COCTOHIHHX H3 TpHaH,HJITJIHU,epOHflOB. 3fleCb 5Ke npOHCXOJIHT npoueccbl TJIHKOJIH3a 
h CHHTe3 nacTH AT<I>. B THajionjia3Me Ha pnOocoMax h nojinpHSocoMax, 
HecB^3aHHbix c m e m 6 p a 1 1 a m m , nponcxoaHT chiitci dcjikob, neoSxoaHMbix KJieTKe 
aJia noaaepacanna ee acnineaeaTejibnocTH, ana nocTpoenna ee opraHejui. 3aecb 
ace nponcxoaHT aKTHBapna aMHHOKHCJIOT c noMombio cneu,H(J)HHecKHx 
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(J)epMeHTOB h CBH3biBanne hx c TpanccjicpiibiMii PHK. B hmtobojic TaioKe 
npOHCXOflHT MOflH(J)HKaU,H5I (jiepMCHTOB (HanpHMep, (|)0C(j30pHJlHp0BaHHe), 
npHBOfl^mee k hx aKTHBapHH hjih k HHaKTHBapHH, npoHexoflHT flerpaflapmi, 
pacmenjieHHe SejncoB, c noMombio cneu,H(j)HHecKHx npoTeHHa3 h ^p. 

B u,HT030Jie Ha pacnojiojKeHHbix TaM pn6ocoMax CHHTe3HpyiOTOi 6ejiKH, 
TpaHcnopTHpyeMbie b paaaHHiibie ynacTKii kjictkh. 3aecb 5Ke ocyuiecTBaaeTCH 
CHHTe3 Bcex SejiKOB KJieTOHHoro jmpa, Sojibinaa wacTb SejncoB mhtoxohaphh h 
njiacTHfl, ocHOBHbie 6ejiKH nepOKCHCOM. 3th rpynnbi SejiKOB HMeiOT cboh 
CHTHajibHbie aMHHOKHCJiOTHbie nocjieflOBaTejibHOCTH, KOTOpbie yanaiOTCH 
COOTBeTCTBeHHO HflepHblMH nOpaMH, HJIH MeMSpaHaMH, HTO n03B0JiaeT 3THM 
SejixaM TpaHcnopTHpOBaTbca L iepe3 MCMopaiibi h nonaaaTb BHyTpb 
MHTOXOHApHH, nJiaCTHfl, nepOKCHCOM. 

Chhtc 3 ceKpeTOpHbix SejiKOB, Scjikob jih30C0m, BiiCKaeTOHiioro MaTpHKca 
TaK>Ke HanHHaeTCM b THajionjia3Me, ho nocjie KOHTaKTa c MeMSpaHaMH 
rpanyaapnoro 3 n a o n a a3 m aT h h e c ko ro peTHKyjiyMa KOMnjieKC pnSocoMa- 
HH(})opMau,HOHHaa PHK-nenTHfl OKa3biBaeTOi CBH3aHHbiM c MeMSpaHaMH, a 
CHHTe3HpyK)IHHHCfl SeJIOK KO-TpaHCJHHl,HOHHO nepeHOCHTCH HepC3 MeMSpaHy H 
OKasbiBacTca b nojiocTH MCMopamibix BaKyojien. 

KpOMe CTpyKTypHbIX SeJIKOB H (j)epMCHTOB B H,HT030Jie B paCTBOpeHHOM 
COCTOUHHH COaCp'/KHTCH OTpOMHOC KOJ1MHCCTBO aMHHOKHCJIOT, HyKJieOTHflOB H 
flpyrnx CTpOHTejibHbix Sjiokob SnonojinMepOB, a TaK>Ke miio/KCCtbo m e t a 6 o ji m t o b 
- npoMe>KyTOHHbix npoayKTOB, B03iiHKaiouHix npn CHHTe3e h pacnaae 
MaKpOMOJieKyji. 

rHajionjia3Ma coflep>KHT Sojibinoe kojihhcctbo hohob, HeopraHHnecKHx 
coeAHHeHHH, TaKHx Kax Na + , K + , Ca 2+ , Cl", HC0 3 ", HP0 4 2 " h ^p. npn stom 
KOimeiiTpamia sthx hohob CTporo a e t e p m h n h p o b a n a h perynipyeTCfl 
MeMSpaHHbIMH KOMnOHeHTaMH KJieTKH. 

(PopMajibHO, no m o p (J j oa o r h h e c k h m npH3HaKaM, oofliaTCJibiibie komhohchtbi 
u,HTonjia3Mbi, opraHejiJibi hjih opraHOH^bi, mo>kho pa3flejiHTb Ha ^Be rpynnbi: 
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MeMSpaHHwe h HeMeMOpaHHbie. MeMSpaHHbie opraHeaabi Taic ace npeacTaBaeHbi 
a By mb BapHaHTaMH : oanoMeMSpamibie h aByMeiviOpannbie. K nepBbiM OTHoeaTca 
opraHenjibi BaKyoaapHoii CHCTeMbi - a h a o n a a3 m bt m a e c k h h peraKynyM, annapaT 
roabaaoi, aroocoMbi, nepoKCiicoMbi h apyriae cneu,HajiH3HpoBaHHbie Baxyoan, a 
Taxace naa3MaTHaecKaa MCMSpana. K aByMeMSpainibiM opraHeaaaM othocbtcji 
MHTOxoH^pHH h naacTHabi, a Taxace xaeToanoe aapo. K neiYieiviopannbiM 
opraHeaaaM npHiiaaae'/KaT pn6o combi, xaeTOHHbiH ueiiTp >khbothbix KaeTOK, 
nocToaHHO npHcyTCTByiomne b xaeTxax. Mto ace xacaeTca saeMeHTOB 
KaeTOHHoro cxeaeTa, h,hto cxeaeTa, nocToannoii KOMnoHeHTbi KaeTKH, ero 
BbipaaceHHOCTb MoaceT 3HanHTeabHO MeHaTbca b TeneHiie KaeTOHHoro u,Hxaa, ot 
noaHoro iicaeanoBeniiH oanoro KOMnoHeHTa (HanpHMep, u n to n a a3 mbt h a e c k h e 
MHKpOTpySOHKH BO BpeMH MHT03a), a O nOUBaeHHa HOBbIX CTpyKTyp (BepeTeHO 
MHT03a). 

06ihhm cbohctbom MeMSpaHHbix opraHeaa aBaaeTca to, hto ohii nocTpoeHbi 
H3 aimonpoTeHflHbix naeHOK, nan nepenoHOK, tohkhx caoeB, aaiYibiKaiomiixca 
caMH Ha ceoa Tax, h to ohii o6pa3yiOT 3aMKHyTbie noaocTH h tcm caMbiM 
paaaeaaiOT u,HTonaa3My Ha rpynny paaananbix otcckob. BHyTpeHHee 
coaepacHMoe 3thx otcckob nan Baxyoaeil Bceraa OTaHnaeTca ot coaepacHMoro 
THaaonaa3Mbi. ToamHHa tbkhx naeHOx-MeMSpaH oaeHb Maaa - oxoao 7-10 hm, no 
Beey ohh 3aHHMaiOT oxoao 4% ot Beca KaeTKH, ho oaenb aiaaiiTeabiia naouiaab 
KaeTOHHbix 6noMeM6paH. Tax, HanpHMep, renaTOHHT, HMeiomnii b nonepeamiKe 
oxoao 20 mkm h 3aHHMaiomHH o6beM oxoao 5000 mkm 3 , OKpyaceH 
naa3MaTHnecKOH MeMSpaHoii c oSmeii naomaabio 2200mkm 2 . 06maa ace 
naomaab ero b n y t p m kb cto a n bi x MexiOpan b 50 pa3 Soabine h cocTaBaaeT 110 
OOOmxm 2 (!). B 3aeKTpOHHOM MHKpocKone u,HTonaa3Ma xaeTOx npeacTaBaaeTca 
Kax 6bi 3anoaHeHHoii neHoii H3 3aMKHyTbix MCMopainibix ny3bipbxoB, HMeiomHx 
pa3Hyio (JiopMy: oxpyrabie Baxyoan. naocxHe 3aMKHyTbie mchjohkh, ii3BHTbie 
TpyOxn h T.a. (pnc. 115). B renaTOHHTe Ha aoaio naa3MaTHaecxoH MCMopaiibi 
npuxoaHTca npHMepHO 2% ot Bcex xaeTOHHbix Meiviopan, Ha BaxyoaapHyio 
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CHCTeMy - 58%, Ha MHTOxoHapmi - 40%, Ha BHyTpeHHioK) MeM6paHy aapa - 
okojio 0,2%. H 3 npiiBeaemibix Bbiuie aamibix bhjtho, hto MeiviSpanbi kjictkh, hjih 
KaK HX Ha3BIBaK)T, 6HOMeM6paHBI 3aHHMaK)T OflHO H3 BeayUIHX MeCT B 
CTpyKTypHOH h (J)ynKHnonaabnoH opraHH3au,Hii kjictkh. 

Diana 12. Q6uiHe CBOHCTBa SHOJiorHqecKHX MeM6paH 

Bee 6e3 HCKjnoneHHa KJieTOHHbie MeM6pam>i nocTpoeHbi no o6meMy 
npHHu,Hny: 3to TOHKne jmnonpOTeHaHBie njreHKH, cocToamne H3 aBOHHoro cnoa 
HHnnaHLix MOJieKyji, b KOTOpBiil BKaiowenbi MOJieKyjiBi Seaica. B bccobom 
OTHomeHHH b 3aBHCHMO cth ot Tima MeM6paH Ha aojuo jrannaoB npHxoaHTca 25- 
60%, Ha flojuo SejiKOB 40-75%. B cocTaB mhothx MeM6paH bxoaht ymeBoaBi, 
KOJIHHeCTBO KOTOpBIX MO'/KCT aOCTHrBTb 2-10%. 

CTpYKTYpHOH OCHOBOH MeiVl6paH HBJIHeTCH HBOHHOH CJIOM J1HIIHHOB 

K jinnnaaM OTHOCHTca SojiBmaa rpynna opraHHHecKHx BemecTB, oSnaaaiomHx 
nJIOXOH paCTBOpHMO CTBK) B BOBC (rMHpOC{)o6nOCTb) H xopomeil paCTBOpIIMOCTBK) 
b opraHHnecKHx pacTBOpHTeaax (jihhocJihjibhoctb). CocTaB jmnHaoB, BxoaamHx 
b MeMSpaHBi KJieTKH, oneHB pa3HOo6pa3eH (pnc. 116). XapaKTepHBiMH 
n p e a c t a b h t e a a m h aunnaoB, BCTpewaiomHxca b kjictohhbix Mexiopanax, 
HB3HI0TCH cj)0CC|)0;mnHHbI ( HI IIH 6 p O c{) O C (|) BT M a b I ) , C(J)HHrOMHeJIHHbI H H3 
CTepOH^HBix jiimn^OB - xonecTepHH. 

Fa H ue po c|) o c (}) bt m a bi , hjih raimepoaiinnabi, npeacTaBJiaiOT co6oh cnoxcHBie 
3(jmpBi TpexaTOMHoro cnupTa raimepinia c a By mb >khphbimh KHCJiOTaMH h c 
(J lOCCjlOpHOH KHCJIOTOH, KOTOpaa B CBOK) OHepCBb MO>KeT 6BITB CB5I3ana c 
PB3JIHHHBIMH XHMHHe CKHMH TpynnaMH (XOJIHH, CepHH, HH03HT, STBHOJiaMHH H 
ap.). Tax, HanpHMep, b CTpyKTypy HanSoaee hbcto BCTpenaiomeroca b 
M exiSpanax raimepoannHaa aemiTima BxoaaT ynacTKH aByx acnpHBix khcjiot, 
ranu,epHHa, (jmccfiopHOH khcjiotbi h xonmia. 

,Z]pyraa rpynna MeM6paHHBix jmnHaoB Ha3BiBaeTca c<J)HHroMHeaHHOBOH, b Hen 
rjiimepHH 3aMein;eH bmhho c nupTOM c (j)HHro3HHOM . 
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H 3 arninaoB, OTHOcamHxca k CTeponaaM, Sonbine Bcero B MeMSpaHaX 
xojiecTepima. B p acTHTe jibhbix KJieTKax xonecTepHH He o6napy>Ken, ero TaM 
3aMeHaK)T (finTOCTepinibi. Y SaicrepHH CTepHHbi ot cyT CTByiOT. 

XapaKTepHoii oeoSemiocTbio nmmaoB MeMSpaH aBnaeTca pa3aeneHHe hx 
MOJieKyjiBi Ha ase c|)ynKnnonanbno pa3JiHHHbie L iacTH : nenonapnbie (He necymne 
aapaaoB) xboctbi, cocToamne H3 acHpHbix khcjiot, h 3apa>Kennbie nonapHbie 
roaoBKH (pHC. 117). IIojiapHbie tohobkh HecyT Ha ce6e OTpHH,aTejibHbie 3apaa,bi 
hjih MoryT 6biTb HeiiTpajibHbiMH (b enynae, ecjin ohii hmciot oanoBpeMenno 
noao'/KHTeabiibie h OTpHu,aTejibHbie 3apaaBi). HaannHe nenonapinix xboctob 
anmiaoB oSbacnaeT hx xopomyio pacTBOpHMOCTb b acnpax h opraHHnecKHx 
pacTBOpHTejiax. 

Ecjih nojiapHbie annua bi CMemaTb c Boaon, to oSpaayeTca 3Mynbcna, 
cocToamaa H3 Mimenn. IIpH btom neiapa/Kemibie (rHapocjioSHbie) xboctbi 6yayT 
CTpeMHTbca o6pa30BbiBaTb oaHopoaHyio c|)a3y b pempe Mimeanbi, h 
3apa>Kennbie, rnapocjmnbnbie, roaoBKH 6yayT TopnaTb b BoaHyio (J)a3y. 
XoaecTepHH caM no ce6e Mim,enn He o6pa3yeT, ho Jierico BKmonaeTca b MHpennbi 
nojiapHbix annnaoB, b pe3ynbTaTe aero oopaayiOTca ivinnennbi CMemaHHoro Tiina. 
Ecnn, naoSopoT, k annnaaM aoSaBHTb neMnoro Boabi, to oSpaayiOTca Miipeanbi, 
Kax 6bi BbiBepHyTbie Han3HaHKy: hx rnapoifioonbie xboctbi 6yayr TopnaTb b 
Macnanyio c|)a3y, a 3apaaceHHbie (rnapocj)nabnbie) roaoBKH 6yayT pacnoaaraTbca 
BHyTpn MHpeaabi (piic. 118). 

Ha noBepxHOCTH Boabi pacTBOpbi noaapHbix annnaoB, pacTeicaacb, o6pa3yiOT 
m o n o m on e Kyn a p n y i o nneHicy, b KOTOpoii b BoaHyio (jia3y 6yayT HanpaBaeHbi 
3apaaceHHbie (rnapocjinabnbie) roaoBKH, a nenonapime xboctbi 6yayT oSpamenbi 
b cpaBHHTeaBHO rnapoc|)o6nyio B03ayuiHyio (jia3y. C Me inn Baa c Boaoii 
3KCTparHpOBaHHBie H3 MCMopan annnabi nan 6epa CMeen pa3Hbix annnaoB, 
mo>kho noayniiTb 6 n m oa e Kyn a p n bi e caon nan MCMSpanbi TonmimoH oicono 3,5 
hm, rae nepncjiepnnecK'ne 30hbi eaoa, c mot pa nine b BoaHyio (j)a3y, 6yayT 
eoaep'/KaTb HCKaiOHHTeabHO nonapime roaoBKH, a ne3apa>Kennbie xboctbi 6yayT 
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oopaaoBbiBaTb o6myio rnHpocjioSnyio ueiiTpajibnyio 30Hy Taxon oopaaoBaBLuenca 
MeMSpaHbi (pHC. 119). 

3Ta cnocoSHOCTb annH^OB caMonpoH3BOJibHO o6pa30BbiBaTb MeMSpamibie 
CTpyKTypbi onpeaeaaeTca CBoilcTBaMH caMHx jinnoHOB, a iiMenno najinmieivi b hx 
CTpyKType nojiapHbix touobok h nenojiapiibix xboctob. 

B TaKHx HCKyccTBeHHbie CHCTeMax Jinnoanbie Mnnejuibi h MCMopaiibi Moryr 
B3aHMOAeilCTBOBaTb C SeJIKaMH CBOHMH nOJIHpHBIMH 30HaMH HJTH THflp0(j306HbIMH 
xBOCTaMH, npH 3tom oSpaayiOTca HCKyccTBeHHbie jiHnonpOTeHflHbie MeiviSpanbi, 
cxoflHbie c TeMH m e m 6 p a n a m n , KOTOpbie MO/Kiio Bbi.re.THTb H3 rjictok. Ohh hmciot 
TOJT TTT HHy OKOJIO 7,5 HM. IIpH OKpaCKe HeTblpeXOXHCbK) OCMHH HCKyCCTBeHHbie 
MCMSpanbi o6Hapy>KHBaK)T b ajiexTpOHHOM MHxpocxone TpexcjioilHyio 
CTpyKTypy: rsa TeMHbix nepn(|)epH L iecKHx cjioh no 2,5 hm h CBeTJibin, 
peHTpajibHbin, npHMepHO Taxon >xe totihmhbi. EcTecTBeHHbie xjieTOHHbie 
MeMSpaHbi HMeroT Taxoe ace CTpoemie. 

Heo6xo,HHMO noflnepKHyTb, hto xax HCKyccTBeHHbie, Tax n ecTecTBeHHbie 
MeMSpaHbi He npercTaBJiniOT co6on nnocxne cjioh, ohh Bcerra 3aMKHyTbi csmii 
Ha ce6n, o6pa3yn nojibie Baxyonn, ny3bipbXH, Be3Hxyjibi, njiocxHe 3aMXHyTbie 
Meuixn hjih TpySnaTbie oSpaao Banna. 

IIpeACTaBJieHHe o tom, hto b ochobc xjieTOHHbix MeMSpaH jieacHT abohhoh 
HH nHflHbiH cjioh, 6biJio nojiyneno eme b 20-x tt. Bbijio nanreno, hto ecjin 
3xcTparHpOBaTb Timor bi H3 oSotohxh apHTpopirroB, a 3aTeM noMecTHTb th nimbi 
Ha noBepxHOCTb Bornoro MeHiicxa, to mojxho paccmiTaTb nromarb, 3aHHMaeMyio 
o6pa30BaBHiHMca mohocjiocm jninHflOB. Oxa3anocb, hto 3Ta nnoma^b B^Boe 
Sojibine naouiaan, 3aHHMaeMOH noBepxHOCTbio apHTpopiiTOB, 113 xoropbix 6 bijih 
axcTparHpOBaHbi Jiiimiflbi. Bbijio caeaano npernoToacenne, hto b MCMSpanax 
3pHTpou,HTOB jiHnHflbi pacnoaaraiOTCH b TBa cjioh. K TOMy ace oxa3anocb, hto 
noBepxHOCTHoe HaTHaceHHe MeMSpaHbi xjictxh (1-2 ^hh/cm 2 ) ropa3ro HHace, neM 
noBepxHOCTHoe HaTHacemie HexyceTBeHHoro jinnH^Horo ctoh (7-15 ^hh/cm 2 ). 
Bbijio oonapyaceno, hto npn TOoaBTenini 6ejixa x TnnnraM noBepxHOCTHoe 
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HaT^DKemie CHroxaeTca 30 Beanmnibi, xapaxTepHon 33 a noBepxHOCTHoro 
HaraaceHHa rjictok. 

OopaaoBaBLuiieca ncKyccTBemiBie annuaiibie MCMopaiibi c3yacaT 
nenpommaeMbiM SapbepOM 33 a aioObix 3apa>xennbix MOJieKyn, aa>xe 33 a hohob 
coaen. 3to onpe 3 eaaeT ochobhoc (j)yHXLi,HOHaabHoe cbohctbo MeMSpaH - 
cayjKHTb nperpa^oii 33 a cbo6o3hoh 3H(})(|)y3HH nepe3 caon 3Hnn30B. 3to 
cbohctbo MO>KeT 6 biTb Hcnonb30BaHO 33 a npaxTHnecxHx peaen. Tax npH 
CMemiiBaHHH aunnaoB b bo3hoh cpeae oOpaayeTca Macca nojibix MCMSpainibix 
ny3bipbKOB, JinnocoM (pnc. 120). 7Kn3X0CTb, nonaBinaa BHyTpb 3thx ny3bipbKOB, 
yace He MoaceT CBo6oano ooiviemiBaTbca c acH 3 xocTbio, naxoaameMca CHapyacn. 
TaKHM o6pa30M HCKyccTBeHHbie MCMOpaiibi aimocoM MoacHO “3arpy3HTb” 
jieKapCTBeHHbiMH b e hi e c t b a m h , KOTOpbie MoryT b HyacHbix xoHpeHTpapHax 
nociynaTb k KJieTKaM. 

MeM6paHHbie SejiKH BCTpoeHbi b 6HJiHnHjm»iH cjioh 

B cpeaneivi b jinnonpOTeH^Hbix MexiOpanax 6eaxn no Becy cocraBaaiOT 50%. 
Ho KOJinnecTBO oea kob b pa3Hbix Mexiopanax MoaceT 6biTb pa3JiHHHbiM. Tax B 
MCMopanax MMTOxonapuM Ha 30310 6e3K0B npiixoanTca 0 x 030 75%, a b 
n3a3MaTHHecK0H MeMOpaHe K3eTOK MneanHOBon oSoaonxn - 0K030 25%. Ho Tax 
xax 3HnH3Hbie Moaexyabi hmciot HeSoabmon pa3Mep ( 0 x 030 0,5 hm) h 
MoaexyaapHbiH Bee, hx HMcao no OTHomeHHK) x Hucay OenxoBbix M03exy3 Bbirne 
b 50 pa3. no3TOMy OenxoBbie M03exy3bi xax 6bi BxpanaeHbi b 6H3Hmi3HbiH choh 
MeMOpaHbi. HacTb H3 hhx CBa3aHa c hhhhahbimh roaoBxaMH c noMOipbio hohhbix 
(coaeBbix) CB33en h noaTOMy aerxo axcTparnpyeTca H3 Mexiopan pacTBOpaMH 
coaen . ^pyme o6pa3yiOT coaeBbie CB33H c noaapHbuvni ynacTxaMH anriMaoB 
wepea BaaHMoaeilcTBHe c HOHaMH Mg ++ H3H Ca ++ , Taxne 6e3XH axcTparnpyiOTca c 
noMombio xeaaTiibix coeamieiiHH, Taxnx, xax BepceH (3,Z],TA). Taxne aerxo 
axcTparnpyeMbie Senxn Soabinen wacTbio pacnoaoaceHbi Ha MexiOpan ax co 
CTOpOHbi u,HTon3a3Mbi. B u ii to na as m aT h l i e c ko h MCMopane 3th Senxn TecHO 
CB33aHbi c SeaxoBbiMH CTpyxTypaMH pnrocxeaeTa. 
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Eojibmaa nacTL SemcoB B3aHMO,neHCTByeT c annH^aMH b cocTaBe MeMSpaH Ha 
OCHOBe THflpO(J)o6HBIX CBII3eH. OlCa3aJIOCb, HTO MHOnie MeMSpaHHBie SeJIKH 
coctout KaK 6 bi H3 flByx wacTCH: H3 ynacTKOB, ooraTbix noaapnbiMH (necyuiHMH 
3apa^) aMHHOKiicjiOTaMH, h ynacTKOB, o6oramemibix nenoanpiibiMii 
aMHHOKHCJIOTaMH (rjIHH,HHOM, aJiaHHHOM, BaJIHHOM, JieHIlJIHOM). TaKHe SeJIKH B 
jiHnnflHbix cnoax Me m S pan paenonaraiOTCH Tax, hto hx nenoaapiibie ynacTKH KaK 
6bi norpy>KeHbi b “/KHpnyio” nacTb MCMopaiibi, rae naxoaaTCfl rHapo(|)o6iibie 
ynacTKH juinH^OB (pnc. 121). IIojiapHaa (rHapocJ)Habiiaa) ace wacTb tbkhx Scjikob 
b 3 a h m oa e h ct B y e t c rojiOBKaMH annuaoB h o6pamena b CTOpOHy bo^hoh (|)a3bi 
(pnc. 122), noaTOMy TaKHe ochkh, CBinamibie c annuaaMH nyTeM ruapocfiooiibix 
B3aHMOfleiiCTBHH, npaKTHnecKii He 3KCTparHpyK)Tca b bo^hbix (J)a3ax. Hx mo>kho 
B bi^ejiHTb, jiHHib pa3pymaa Me mo pan y, axcTparnpya H3 Hee jinnH^bi hjth 
opraHHnecKHMH pacTBOpHTejiaMH, hjih ^eTepreHTaMH. nosTOMy 3 th Semen 
MeMSpaH H Ha3bIBaK)T HHTerpaJIbHbIMH. 

Pa3Mep HHTerpajibHbix MeMSpamibix SejiKOB b cpeaneM paBeH 8 hm, ho 
BCT penaiOTca KpynHbie Semen - a o 35 hm BejiHHHHOH (Sejioic THJiaKOHaoB 
xnoponjiacTOB). 06 bihho 3to oneHb acHMMeTpHHHbie no CBoeii npnpoae Semen h 
eooTBeTCTBeHHO acHMMeTpHHHO ji0KanH30BaHbi b MeMSpaHe (pHC. 123): HX 
pa3Hbie (j)yHKH,HOHajibHbie nacra noKajirooBaHM no o6e CTOpOHbi MCMopanbi, h 
B ee Semen aannoro Tima pacnojioaceHbi oannaKOBO. C u,HTonjia3MaTHHecKOH 
CTOpOHbi MCMSpanbi HHTerpajibHbie Semen CBHiaiibi c n e p h (}) e p n h e c k h m h 
S emcaMH. 

3th npeacTaBJiemni, nojiyneHHbie npn inyHenini xhmhh KJieTOHHbix Me m S pan, 
Sbimi SaecTmne noaTBepacaeHbi m o p (j) ojiot h h e c k h m h h ccji eao Ba n h h m h . npH 
Hcnojib30BaHini MCToaa 3 a m o p a >k h b a n h a - ck a a b i b a n h h , ckoji wepei MCMSpaiibi 
MoaceT HflTH wepei neiiTpajibnyio, jinnH/THyio, 30Hy. B stom cnynae oSnaaeaeTCH 
Macca mo6yji, SemcoBOH npnpoflbi, naxoaauiHxcH b cocTaBe mmumioro cnoa. 
Pa3Mep TaKHx rao6yn okoho 4-8 hm. 3th h apyime SnoxHMHnecKHe aamibie 
nocnyjKHJiH ochoboh ana coaaainia Moaean MCMopaiibi c M03 amnion yKaaaKon: 
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MCMopana coctoht H3 nenaoTiio ynaxoBaHHbix SeaxoBbix raoOyaapHbix SeaxoB, 
CBoSoanoe npocTpaHCTBO MOK^y xoTOpbuvni 3anonHeHO aumianbiMii MoaexyaaMH 
(pHC. 121). npH 3TOM HaCTb 063 KOB MO'/KCT 6bITb CBH3aiia TOHbXO C nOHHpHblMH 
rpynnaMH aunnaoB h moxcct naxoanTbCH Ha noBepxHO cth Snaiimianoro caoa; 
flpyrne Ochkm MoryT nacTHHHO hhh aa>xe noanocTbio norpyaceHbi H3-3a 
rHflpO(|)o6HbIX CBOHCTB CBOHX ynaCTXOB B JIHnHflHblH C30H; TpeTbH - MOryT 
npoHH3biBaTb MCMopany HacKB03b. HHTepecHO, hto Soabinaa nacTb abinnanbix 
Moaexya (70%) He CBH3ana c SeaxaMH, Tax hto SeaxoBbie Moaexyabi xax 6bi 
naaBaiOT b “ 31 -innnnoM 03epe”. 

JlmiHjbi h 6ejiKH MeM6paH o6jiajaH)T JiaTepajibHOH nojBiDKHOCTbK) 

UccaeaoBanMC HCKyccTBeinibix hhhhahbix Shchocb noxa3aao, hto 3th 
MCMopanbi npeflCTaBjnnoT co6oh aByiviepnyio /Khhkoctb, oOaaaaiomyio 
B33X0CTBK), CpaBHHMyK) C B33 KOCTBIO 03 MB KOBO TO MaC3a. B COCTaBe TBKHX H 
ecTecTBeHHbix MCiviOpan M03eKy3bi awnwaoB nocTOHiino aBH/xyTca c orpOMHOH 
CKOpOCTbK) (K03CjKj)imHenT 3H(|)Cj)y3HH 333 HHX paBCH 10' 8 CM 2 X C' 

^^ocTHraiOHieH 2 mkm 3a 1 c. 

JlHnH3Hbie M03eKy3bi aBuraiOTCfl B303b 3HnH3Horo caoa, MoryT BpamaTbca 
BOKpyr CBoeii och, a Taxace nepexo3HTb H3 caoa b caoii, hto nponcxo3HT pe3xo h 
c noMonibK) cnepHaabHbix nepeHOCHHxoB. Eeaxn naaBaiomHe b “hhhhahom 
03epe” Taxace oOaaaaiOT aaTcpaabiion, npo3oabHOH no3BHacHOCTbio, ho cxopocTb 
hx nepeMeuiemiH b hcchtkm h cothh pa3 HHace. HaynaTb nepeMemeHiie Ochkobbix 
Moaexya b cocTaBe MeM6paH Ha acHBbix xaeTxax npome Ha npHMepe 
n333MaTHHecxoH MCMopanbi. Eeaxn naa3MaTHHecxoH MCiviopanbi, 
T3HXOnpOTeHHbI, HaCTO MMCIOT 03HT0CaxapH3Hbie UenOHKH, CMOTpHHIHe Ha 
b H exaeTOHHyio cpe3y. 

,11,33 HCC3e30BaHH3 CBOHCTB n3a3MaTHHCCX0H MCMSpaHbl HIHpOXO 

H c n 03 b 3 y i o t ch aeKTHHbi, Seaxn pacTMTcabiioro ripoiicxo/XHeniia, xoTOpbie 
CneU,H(|)HHeCXH CB33bIBaiOTC3 c 03HT0CaxapH3aMH MCMOpanilblX 0C3K0B. Tax, 
aexTHH xoHxaHaBaaHH A (KohA), BbmeaeHHbiH H3 pacTenna KanaBaann 
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MeneBHflHOH, CBH3biBaeTai c ojnirocaxapH,naMH, hmckhhhmh Ha KOHpax rjii0K03y 
HJ 1 H MaHH03y. JleKTHH H3 606 OB COH CBX3bIBaeTCII C N-aH,eTHJITJII0K03aMHH0M, a 
JieKTHH H3 npOpOCTKOB niHCHHIJbl, KpOMe Toro, H C raJiaKT030H. Ha nOBepXHOCTH 
SejiKOB-jieKTHHOB hmciotcx flBa hjih 6 onee paiiOHa cneii,Hc{)HHecKoro CBH3biBamni 
C yraeBOflaMH. EcJIH JieKTHHbl floSaBJHITb K B3BCCH 3pHTpOIl,HTOB, TO 3TO 
BBi3tiBaeT hx ocajK^eHHe, conpoB05K,ziaiOHieeoi CHHnaHHeM - arrjiiOTHHapHJi. 
nOSTOMy JieKTHHBI dHC Ha3BIBaK)T arrJHOTHHHHaMH. 

Taxaji peaKmui armoTiniamm 3pHTpou,HTOB Bbi3BaHa tcm, hto jickthh, 
HanpHMep KohA, b 3 a n m oh e m c t b y h c KOimeBbiMn caxapaMH yraeBoaoB 
TJlHKOnpOTeHflOB, KaK 6bl CHIHBaeT 3pHTpOU,HTbI flpyr C apyrOM, H e M H BbI3bIBaeT 
hx oca/Kaemie. Tax xax nojiHcaxapH^bi ecTb Ha nOBepXHOCTH n ji a3 m aT h h e c ko h 
M eMSpaHbl JIK)6bIX KJieTOK, TO JieKTHHbl MOryT CBH3bIBaTbOI c HHMH. MeCTa 
nOCa^KH JieKTHHOB MO>KHO yBHflCTb B 3JieKTpOHHOM MHKpOCKOne, eCJIH CBfl3aTb 
jiexTHHbi c 3JieKTpoHHonjioTHbiM ocjikom cjieppHTHHOM. Eojiee yaoSno 
peTHCTpHpOBaTb JieKTHHbl Ha nOBepXHOCTH KJieTOK C nOMOIHbK) 
HMMyHO(juiyopecu,eHTHoro MeToaa (cm. Bbirne). Hcnojib30BaHHe stoto MeToaa 
no3BOJiHJio npocjieflHTb 3a noBepxHOCTbio Scjikob b hjiockocth MeMSpaH. Tax, 
OKa3ajiocb, hto npn aooaBJiemiM k KJieTKaM, noBepxHOCTb KOTOpbix CBHiana c 
KohA, amrrreji npoTHB KohA, MCHeinibix cjuiyopoxpoMOM, o6napy>KHBaeTCH 
CBeneHHe no Been nOBepXHOCTH kjictkh. 3to 3HanHT, hto SejiKH-rjiHKonpoTeHflbi, 
nojiHcaxapH^Hbie u,enn KOTOpbix o6pa3yiOT cjioh, paBHOMepHO pa36pocaHbi no 
nOBepXHOCTH KJieTOK. OflHaKO nepe3 HexoTOpoe BpeMH Ha nOBepXHOCTH kjictkh 
BHflHO He cnjioiHHoe CBeneHne, a OT^ejibHbie MHOJKecTBeHHbie miraa hjih tohkh 
(hx Ha3BajiH “3anjiaTKaMH”, no-aHTJiHHCKH patch). 3aTeM 3th miTHa coSnpaiOTCii 
b OflHy 30Hy - “KOJinanoK”. CjieaoBaTejibHO, 6cjikh, CBHiamibie e jieKTHHaMH, 
MoryT SbiCTpo nepeMemaTboi b hjiockocth njia3MaTHHecKoii MeMSpaHbi. 
HHTepecHO, hto “KOJinanoK” Bceraa (fiopMopycTCH nan tcm mcctom kjictkh, rae 
HaxoflHTCH peHTpHOJin h annapaT Iojib,zpKH. ^aabneHuiaa cyzjbSa stoto KOJinanKa 
mo>kct 6biTb y pa3Hbix kjictok pa3JiHHHoii: y (|)H6po6jiacTOB KOJinanKH MoryT 
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OTfleJMTbCfl H OTpblBclTbCH OT TeJia IIpH ,T B M '/KC 1 1 I I H KJieTKH, y flpyTHX 
(jiHM(j)on,iiTbi) npoHCxoaHT noraomeHHe sthx ynacTKOB BHyTpb KJieTKH 
( 3 h^ou,hto 3 ) h nepeBapHBaHHe hx TaM (pnc. 124 ). 

JlaTepaubHyK) noaBii/KiiocTb SejiKOBbix ( ra n ko n poTe iizu 1 bi x ) MoaeKya 
njia3MaTHHecKOH MCMOpaiibi mojkho iiaOjiionaTb npn H3yHeiiiiii KjieTOHHbix 
rnopHaoB, HMeiomHx pa3Hbie noBepxHOCTHbie aHTHreHbi, KOTOpbie mojkho 
noMeTHTb. B 3 tom cjiynae CHanana b mopHanoH KJieTKe aHTHreHbi noBepxHOCTeH 
SbiJiii pa3o6meHbi, a nepe3 HeKOTOpoe BpeMa ohii paBHOMepHO pacnpe^ejiHiiHCb 
no Been noBepxHO cth reTepoKapHOHa . 

KjieTOHHbie MeM6paHbi acHMMeTpHHHbi 

CocTaB jinnHflOB no o6e CTOpOHbi MeMSpaHbi pa3JiHneH, hto onpe^ejiaeT 
aCHMMeTpHHHOCTb B CTpOeHHII SHJIHnHflHOTO CJIOa. TaK, C nOMOIHbK) 
xHMHnecKoro m a p k h p o b a 1 1 m a 6biJio iianaeiio, hto 80 % c (jiHHroMHejiHHa h 75 % 
c|) o c cj) aT h a h a x oh h 1 1 a, h 20 % (|) o c c|) aT h a h 33 t a 1 1 oa a m h i i a jioKajirooBaHbi Ha 

HapyjKHOH noBepxHOCTH njia3MaTHHecKOH MCMOpaiibi, Ha BHyrpeHHeil ace - 
pacnonaraeTca Becb (JioccjiaTHflHJicepHH h 80 % (jioccJiaTHflHJiaTaHOJiaMHHa. 
IIpHMepHO Taxyio ace komho 3 hii,hio hmciot MeMOpaHbi 3H/i,onjia3MaTHHecKoro 
peTHKynyMa (juia hhx HapyacHOH nano CHHTaTb ry noBepxHOCTb, KOTOpaa 
oSpameHa BHyTpb nonocTH). 

OcoSeimo BbipaaceHa ac n m m ct p m a MCMOpan b OTHomemni HnrerpajibHbix 
SejiKOB. B cocTaBe ecTecTBeHHbix MeM6paH SejiKH CTporo opneHTnpoBaHbi. 
Bojibrneii nacTbio hx N-kohh,bi CMOTpaT b nonocTb BaicyojieH hjih b cjiynae 
njia3MaTHHecKOH MeMSpaHbi, bo bhchihiok) nna KJieTKH epeny. TaKoe nonapHoe 
pacnoao'/Keiiiie uemi Sen ko bom MOJieKyjibi b jinniiniiOM Sncjioe C03naeTca b 
npopecce CHHTe3a MeMOpamioro SejiKa Ha pnOocoMe (cm. HHace). 
IIoayHHTerpanbHbie h npiiMeMopamibie SejiKH Taxace acHMMeTpHHHO 
pacnoao'/Keiibi b MCMOpanax. Tax b 3 ii a o n a a 3 m ar h l i e c ko m peniKyayMe Ochkh- 
(JiepMeHTbi, CHHTe3Hpyioiii;He jih nimbi, pacnojioaceHbi Ha u,hto30jibhoh CTOpOHe 
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MeMSpaH, a (j)epMeHTM, npHHiHBaiomHe caxapa k SeaxoBbiM penoaxaM, 
rjiHK03H^a3Bi, noKajiH30BaHBi Ha BiieuineH CTOpOHe MCMopanbi. 

HajiHHHe yraeBO^Horo KOMnoHeHTa xapaKTepHO np axTHHe c kh Bcex 

MeMSpaH KJieTKH, ho ocoSeHHO fljia MeMSpaH BaxyoaapHoii chctcmbi h 
nna3MaTHHecKOH MCMopanbi. yraeBO^HbiH komhohcht MCMopan npeacTaBaen 
raaBHbiM o6pa30M rjiHKonpoTeHHaMH - MOJieKynaMH OeaxoB, KOBajieHTHO (b 
OTJiHHHe ot HyKJieonpoTeHflOB) CBH3amibix c penonxaMH yraeBoaoB. Kax 
npaBHJio, ucnoHKH yraeBoaoB pacnoaoaceHbi b HapyacHbix caoax MCMopan (aaa 
u,HTonjia3MaTHHecKHx Baxyoaeii napyaaibiMH cwnTaiOT cjioh, oSpameinibie He k 
M aTpHKcy u,HTonjia3Mbi, a b nojiocTb Be3HKyji hjih Baxyoaeii). Ohh hmciot 
KOB ajieHTHbie cbh3h c HHTerpajibHbiMH SeaxaMH, oSpaaya rauxonpoTenabi, hjih c 
annua a mm (ranKoannHabi). YraeBoabi MCMopan npeacTaBaaiOT co6oh KOpOTKHe 
aHHeiiHbie nan pa3BeTBaeHHbie penoHKH, b cocTaB KOTOpbix BxoaaT raaaxT03a, 
MaHH03a, (J)pyKT03a, caxap03a, N -a neT na ra 10 kobtm n n , N-au,eTHaraaaxT03aMHH, 
neHT03bi - apa6nH03a h Kcnao3a, a Taxace HeHpaMHHOBaa (cnaaoBaa) xncaoTa. 
3HaaeHHe 3Toro xoMnoHeHTa oneHb Beanxo a-Jifl (J)yHxu,HOHHpOBaHHa 
naa3MaTHaecxoH MCMopanbi. 

Pa3Hbie MeM6paHbi hmciot pa3aHHHbie CBOHCTBa 

HecMOTpa Ha nopa3HTeabHyK) cxoacecTb CTpoenna pa3aHHHbix MCMopan, 
nocTpoeHHbix no npHHu,nny annHaHoro 6ncaoa c BMOHTHpOBaHHbiMH b Hero 
SeaxaMH, (jDH3HHecxHe h xHMHHecxne CBOHCTBa pa3Hbix MeMOpaH pa3aHHHbi. 3to 
CBa3aHO c TeM, hto b pa3Hbix MeMOpaHax o6ihhh cocTaB aHnnaoB 3HanHTeabHO 
pa3aHnaeTca, hto onpeaeaaeT ocoSbie CBOHCTBa MeMOpaH. 

Pa3Hbie MCMopanbi xaeTxn MoryT OTannaTbCH apyr ot apyra no KoannecTBy 
aHnnaoB. Tax, naa3MaTHHecxaa MeMOpaHa coaepacHT 35-40% aHnnaoB, a 
MCMopanbi MHTOxoHapHH - 27-29%. CaMoe Bbicoxoe coaepacanne annnaoB b 
naa3MaTHHecxoH MCMopane HiBaHHOBCxnx xaeTOx, oopaayiouinx MneannoByio 
oSoaonxy HepBOB, - aJi 80%. 
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Ebijio oSiiapyaceno, hto xaeTOHHBie MCMopanbi chjibho OTannaiOTca apyr ot 
apyra no cocTaBy annnaoB. TaK, naasMamnecxHe MCMopaiibi xaeTOx tkmbotiibix 
SoraTBi xonecTepHHOM (ao 30%) n b hhx Mano aepHTHHa, b to BpeMa Kaic 
MeMSpaHBi MHTOxoHflpHH, HaoSopOT, SoraTbi (}) o c cj) on m mi a a M H H oenilbl 
xonecTepHHOM. H 3 oSmero xoannecTBa annnaoB coaepacaHne 
(j) o c cf) aT m a h a x on m i a (nemiTiiiia) bo (jDpaxpnnx s 1 1 a o n a as m bt m h e c ko h ceTH 
cocTaBaaeT 60-70% ot Bcex (|)oc(f)onHnHaoB, b to BpeMn xax b nna3MaTnnecxon 
MeMSpaHe ero MoaceT 6bitb 25-35%. 

B nenoM jijik n a as m bt h h e c ko h MCMopaiibi xapaicrepHO BBicoKoe coaepacaHne 
xoaecTepHHa n ccjimironMrmaoB, a Taxace npeoOnanaime iiacbimeinibix n 
MOHOHeHacBimeHHBix acnpHBix xncaoT b cocTaBe (J)occJ)oaHnHaoB, Toraa xax b 
MHTOxoHapnax, 3 n a o n a a3 m bt h h e c ko h ccth h bo mhothx apyrnx 
n 11 to n a as 3 m bt h h e c k h x MCMopanax coaepacnTca Maao xoaecTepHHa n 
c(J)HHroannnaoB n cpaBHHTeaBHO mhoto noniiiieiiacbimeiiiibix acnpHBix xncaoT. 
BnaHMO, B CBB3H C 3THM MCMOpBIIBI U,HTOnaa3MBI MCI ICC /XCCTKIie, H 6 M 
naa3MaTnnecxaa MeMSpaHa, ohh 6oaee “aerxonaaBxn”. 

OcoSeHHO OTannaKDTca MeMSpaHBi no cocTaBy 6eaxoB, xoTOpBie, raaBHBiM 
o6pa30M, onpeaeaaKDT (J)yHxu,noHaaBHBie cbohctbb MeM6paH. 

no onoaonmecKOH poan MCMopainiBie 6eaxn Moamo pa3aeanTB Ha Tpn 
rpynnBi: cfjepMeiiTBi, penenTopiibie 6eaxn n CTpyxTypHBie 6eaxn. 

Ha6op (JiepMeHTOB b cocTaBe MeMSpaH MoaceT 6 bitb oneHB Beanx n 
pa3HOo6pa3eH (HanpnMep, b naa3MaTnnecxon MeMSpaHe xaeTOx neneHH 
oSnapyaceno He MeHee 24 passim iibix cjiepMeiiTOB). B pa3HBix MCMopanax 
cyuiecTByeT xapaxTepHBin na6op cjiepMeiiTOB. HanpnMep, b n a as m bt m h e c ko h 
MCM opane, xax n bo mhothx apyrnx, aoxanroyeTca K -Na'-saBiiCHMaH ATOa3a, 
yHacTByiouiaa b TpaHcnopTe hohob. B MHTOxoHapnax cnemi(})HHecKHM 
aBaaeTca Ha6op 6eaxoB - nepeHoennxoB aaexTpOHOB n (jjepeMeHT AT<1)- 
CHHTeTB3a, o6ecnenHBaK)nine oxncanTeaBHoe (J)occj)opHaHpOBaHHe n cnHTe3 
ATO. 
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Peu,enTOpHbie 6ejixn cneu,H(|)HHecxH CBa3biBaiOTca c tcmh hjth hhbimh 
BemecTBaMH h Kaic 6bi hx y3HaK)T. 3to SejixH-pepenTOpbi pjia ropMOHOB, pjia 
y3HaBaHH^ noBepxHOCTH cocepiinx xneTOx, BHpycoB, (J)aroB y SaxTepHH h T.p. K 
3toh rpynne OTHOcaTca (J)OTopeu,enTOpHBie SejixH. Boo6me >xe pepenTOpHbie 
6enKH BxopaT b cocTaB jiio6bix MeMSpaH. Tax Ha BHemHen MeM6paHe 
MHTOxoH/ipHH pacnoji05xeHbi peuenTopbi, ynacTByiouiiie b y3HaBaHHH h 
TpaHcnopTe m HTOxonapnaabii bix SejixoB, nepeHOCHMbix H3 h,hto30jhi b 
MHTOxoH^pHH. Ha MeM6paHax 3Hpo naa3MaTHHecKoro peraxynyMa naxopaTca 
pepenTOpbi, y3HaiomHe h CBa3biBaiomHe phSocombi, Ha apepHOH oSojionxe - 
peuenTopbi xapHO(j)HJibHbix SejixoB h T.p. Ha naa3MaTH L iecKOH Mexiopane 
pacnoao'/Keiibi xax pepenropbi, y3HaK)npie cocepmie xjictxh hjih pa>xe 
OT^ejibHbie hohbi coneii (nepeHOCHHKH), Tax h 6ejixn, y3HaiomHe Sejixn 
h,hto cxejieTa b u,HTonjia3Me. 

MeM6pam»i accomnipoBaHbi c UHTonjia3MaTimecKHMii 6ejiKaMH 

Co CTOpOHbi u,HTonjia3Mbi MCMSpanbi CBasaiibi nepe3 npHMeMSpamibie hjih 
coScTBeHHO MeMSpaHHbie HHTerpanbHbie Sejixn c pa3Hoo6pa3HbiMH SeaxoBbiMH 
CTpyxTypaMH u,HTonjia3Mbi. K hhm OTHOcaTca b nepByK) onepepb xoMnoHeHTbi 
PHToexejieTa. 3to no3BOJiaeT He tojibxo cpenaTb MexiSpaiibi 6ojiee acecTXHMH, 
ho h oSecneHHBaeT nopBH5XHOCTb MeivrSpaH, co3paBaa bo3mo5xhocth pna hx 
TpaHcnopTHbix (J)yHxu,iiH. HanpnMep, >xecTxocTb naaaMaTH wecxoH MCMSpaiibi 
6e3baaepnbix apHTpopirroB co3paeTca 3a chct CBasbiBamia ccth 
u,HTonjia3MaTHHe cxhx SejixoB c HHTerpanbHbiMH SeaxaMH njia3MoneMMbi. B ee 
cocTaB BxoflHT 6enox, t.h. “6enox nonocbi III”, xoTOpbin oSecnenHBaeT 
TpaHcnopT hohob nepe3 Shcjioh, ho OAHOBpeMeHHO nepe3 p ap SejixoB 
CB«3biBaeTCM c ceTbK) SejixoB-cneKTpHHOB, xoTopbie coapaioT acecTxyio 
noaMCMopannyio ceTb (pnc. 125). Bo mhothx anHTejiHajibHbix xjieTxax 
cneu,HajibHbie 6ejixn n a a3 m aT h h e c ko h MexiSpaiibi CBasbmaiOTca c 3JieMeHTaMH 
h,hto cxejieTa h ynacTByiOT b o6pa30BaHHH penoro papa MeacxneTOHHbix 
COepHHeHHH (peCMOCOMbl, apre3HBHbIH XOHTaXT H pp.). C 3JieMeHT 3MH 
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h,hto cxeaeTa CBjnaiiBi Taxace o6ohohkm xaeTOwnoro aapa :BHeim«ui aaepnaa 
MCMSpana TecHO accominpoBana c n poMeacyroa 1 1 bi m h (J)HJiaMeHTaMH, KOTOpBie 
(J)HKCHpyK)T aapo B oSbCMC I],HT0nJia3MBI. BHyTpHKJieTOHHBie BaKyOJIH MOryT 
nepeMemaTBCH b KJieTKe tojibko npn BsaHMoaeilcTBUH c cj) n 6 p n a a a p n b i m h 
KOMnOHeHTaMH, TaKHMH KaK MHKpOTpySOHKH H MHKpO(f)HaaMeHTBI. 
Mhtoxoh^phh nepeMemaKDTca b KaeTKe Taxace 3a caeT accoH,Hau,HH c 
aaeMeHTaMH u,hto cxeaeTa. 

Poct MeMSpaH npoHcxoaHT 3a caeT BC i pairBamiH roTOBbix MeMfipaHHbix 
nY3bipbKOB 

Ilocae aeaeHHa KaeTOK nponcxoaHT yBeanaeHHe oSbcmob pacTymnx 
aoaepHiix KaeTOK h TeM caMBiM pocT KaeToaHoii noBepxHOCTH, yBeaHaemie 
naoma^H naa3MaTHaecKOH MeMSpaHBi. Ho bto He eaHHCTBeHHBiil npHMep 
SBiCTporo pocTa oSneMa h noBepxHOCTH. noBepxHOCTB SxiCTpo pacTymnx 
KaeTOK B TBIHHHOHHBIX IIMTflX 3aaKOB MO/K6T 3a 1 H yBCaHTHTBCH B 65 pa3, T.e. 
Ka>Kayio MHHyTy naa3MoaeMMa HapacTaeT Ha ee nepBonaHaabiiyio BeanHnny. 
TaKyio SoaBHiyio ckopoctb pocTa naasMaTHwecKOH MCMopaiiBi MoacHO 
oSBaCHHTB TOaBKO TeM, HTO npOHCXOflHT SblCTpOe BCTpaHBaHHe, HHTepKaaapHa, 
ny3BipBKOB b pacaymyio n a a3 m aT h a e c xy i o MCMSpany. 3aecb, BHyTpHKaeTOHHBie 
MeMSpaHHBie ny3BipBKH noaxoa»T k BiiyTpenneH CTOpOHe naa3MamaecKOH 
MeMSpaHBi (bo3mo>kho, hx noaroionoT k ce6e MHKpo(J)HaaMeHTBi KOpTHKaaBHoro 
caoa), npoMCxoanT canaHHe MexiSpan h TeM caMBiM yBeaHHenne noBepxHOCTH 
naa3MaTHaecKOH MeMSpaHBi (pnc. 126 ). 

OTKyaa ace SepyTca 3 th roTOBBie 6aoKH, MCMopamiBie ny3BipBKH? Yaaaocb 
npocae^HTB (cm. HHace), hto nepBHHHBin reHe3HC MCMSpan nponcxoaHT b 
rpanyaapnoM 3 h ao n a as m aT h a e c ko m peTHKyayMe, KOTOpBiii aBaaeTca 

HCTOHHHKOM BCeX KaCTOHIIBIX MCMOpail, KpOMe MCMOpail MHTOXOHapHH H 
naacTHa. Ot MeMSpan rpanyaapnoro 3nP OTuienaaiOTca MeaKHe BaxyoaH, 
KOTOpBie caHBaiOTca c MCMopanaMH annapaTa IoaBaacH, ot KOTOporo b cboio 
oaepeaB, OTmenaaiOTca MeaKHe MeMSpaHHBie BaxyoaH, caHBaiomHeca nan c 
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JIH30C0MaMH, HHH C FIJI a3MaTHHe CKO H MCMSpaHOH, HHH C CCKpeTOpHblMH 
BaKyojiMMH. 

TaKHM o6pa30M, naSaioaaeTca no caeaoBaTeabHbm KacKaa nepexoaoB oannx 
MeMSpaH b apyrne. IlepBHHHbie ace MCMopainibie BaicyonH CTpoaTca 3a chct 
CHHTe3a 6eaKa h aiimiaoB Ha MCMopanax rpanyaapnoro 3IIB 

Poct MeMSpaH MHTOxonapHH h naacTHa HHoro xapaKTepa. yBeanHenne 
naomaan MeMSpaH MHTOxoHapHH npoHexoaHT 3a caeT CHHTe3a ochobhoh 
M accbi SeaKOB h aHnnaoB b rHaaonaa3Me KaeTKH, Bcaea 3a neM 3 th 
m htoxo na p h aa b n bi e 6eaKH h annnabi TpancnopTiipyiOTca nepes MCMopannyio 
OOOaOHKy MHTOXOHapHH H BCTpaHBaiOTCa B HX KOMnOHCHTbl. 

Taaea 13. IIaa3MaTHHecKaH MeMfipaHa 

Ilaa3MaTHHecKaH MeM6paHa, nan naa3MoaeMMa, cpean pa3aHHHbix 
KaeTOHHbix MeMSpaH 3aHHMaeT oco6oe mccto. 3to noBepxHOCTHaa 
riepHcfjepHHCCKaH CTpyKTypa, o rp a n n h h b a io lh an KaeTKy CHapyacn, hto 
oSycaoBaHBaeT ee HenocpeacTBeHHyK) CBa3b c BHeKaeTOHHOH cpeaoii, a 
caeaoBaTeabHO, co bccmh BemecTBaMH h CTHMyaaMH, B03aeiicTByK)iHHMH Ha 
KaeTKy. IIosTOMy n a as m aT h h e c ko ii MCMopane npHHaaaeacHT poab obitb 
oapbepoM, nperpaaoii Meacay caoacHO 0praHH30BaHHbiM BHyTpHKaeTOHHbiM 
coaepacHMbiM h BHemHeii cpeaoii. B stom cayaae naa3MoaeMMa BbinoaHaeT He 
ToabKO poab MexaHHaecKoro Sapbepa, ho, raaBHoe, orpaHHHHBaeT cboSohiibim 
noTOK hh3ko- h BbicoKOMoaeicyaapHbix BemecTB b o6e CTOpOHbi aepe3 
MCMopany. Boaee toto, naa3MoaeMMa BbiCTynaeT KaK CTpyKTypa “ysnaiomaa”, 
pepenTHpyiomaa, pa3aHHHbie xiiMHHecKHe BemecTBa h peryanpyiomaa 
H36HpaTeabHO TpaHcnopT sthx BemecTB b KaeTKy h H3 Hee. ,Z]pyrHMH caoBaMH, 
naasMaTHHecKaa MCMopana ocymecTBaaeT (j)ynKmni, CBHsainibie c 
peryanpyeMbiM H36HpaTeabHbiM TpancMeMopamibiM TpaHcnopTOM BemecTB h 
B binoaiiHCT poab nepBHHHoro KaeTonnoro aHaaH3aTOpa. B stom othoihchhh 
naa3MoaeMMy MoacHO CHimiTb KaeTOHHbiM opranonaoM, BxoaauiHM b 
B aKyoaapHyio CHCTeMy KaeTKH. KaK h apyrne MCMopaiibi stoh CHCTeMbi 
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(MeMSpaHM JIH30C0M, 3h/],ocom, annapaTa rojib,n>KH h np-) OHa B03HHKaeT h 
oSHOBJiaeTCfl 3a chct CHHTeTHHecKOH aKTHBHOCTH 3 n a o n a as m aT h h e c ko ro 
peTHKyayMa h HMeeT cxonnyio komho3hh,hio. Kax hh CTpaHHO, ho 
njia3MaTHHecKyK) MCMSpany moikho ynoaoSHTb MeMSpaiie BHyrpHKJieTOHHOH 
BaKyojiH, ho BbiBepHyTOH HaH3HaHKy: OHa He OKpy>Keiia rnajionjia3MOH, a 
OKpy>KaeT ee. 

EapbepHQ-TpaHcnopTHag pojib njra3MOJieMMbi 

OKpyjKaa KJieTKy co Bcex ctopoh, nna3MaTM L iecKaa MCNiSpana BbinoanaeT 
pojib MexaiiHnecKoro Sapbepa. ,Zl,jia Toro, htoSbi npoKOJiOTb ee c homo lh bio 
MHKpOHTJI HJIH MHKpOnHneTOK, TpeSyeTCH HOBOJIbHO SoJIbHIOe yCHJIHe. npH 
HaBJieHini Ha Hee MHKpoiirjibi OHa CHanajia CHJibHO nporn6aeTca, a Jinuib 3aTeM 
npopbiBaeTca. HcKyccTBeHHbie jiHminHbie MeM6paHbi MeHee ycTOHHHBbi. 3Ta 
MexainmecKaa ycTOHHHBOCTb naa3MaTH L iecKOH MCMopaiibi MO>KeT onpenejiaTbca 
HOnOJIHHTeJIbHbIMH KOMnOHeHTaMH, TaKHMH KaK rJIHKOKaJIHKC H KOpTHKaJIbHblH 
cjioh u,HTonna3Mbi (pnc. 127). 

rjiHKOKajiHKC npeHCTaBJiaeT co6oh BHeuiHHH no OTHomeHHio k 
jinnonpOTeHHHOH MeM6paHe cjioh, conepiKamHH nojiHcaxapHUHbie iienonKH 
MeMSpaHHbix HHTerpajibHbix SejiKOB - ra h ko n poTe mho b . 3th uenoHKH conepiKaT 
TaKHe yraeBOHbi kbk MaHH03a, rjii0K03a, N-au,eTHJirjnoK03aMHH, cnanoBaa 
KHCJiOTa h up. TaKHe yraeBOHHbie reTeponojiHMepbi o6pa3yiOT BeTBnmiiecH 
HenoHKH, Mencny kotopbimh MoryT pacnojiaraTbca Bbiaeaeinibie H3 KJieTKH 
TJIHKOJIHnHHbl H npOTeOTJIHKaHbl. C.JIOH TJIHKOKaJIHKCa CHJibHO OOBOHIieil, HMeeT 
5Kejienono6Hyio kohchctchiihio, hto 3HanHTejibHO CHHiKaeT b stoh 30He 
CKOpocTb nH(j){J)y3HH pa3JiHHHbix BemecTB. 3/iecb iKe MoryT “3acTpeBaTb” 
Bbineaemibie khctkom ranp ojihthhc ckhc (jiepMeHTbi, yHacTByiomiie bo 
BH eKJieTOHHOM pacmenjieHHH nojiHMepOB (BHeKJieTOHHoe numeBapeHiie) no 
MOHOMepHbix MOJieKyji, KOTOpbie 3aTeM t p a 1 1 c n o p t m p y i o t ch b u,HTonjia3My aepei 
n a ai m aT n l i e c Ky i o MCMopany. 
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B 3JieKTpOHHOM MHKpocKone, ocoSemio npn cnepiianBHBix MeTO^ax 
KOHTpacTHpOBaHHa nojiHcaxapnaoB, raHKOKaaHKC HMeeT BHa pBixaoro 
BOJIOKHHCTOrO CJIOa, TOJimilHOH 3-4 HM, nOKpBIBaiOmerO BCK) nOBepXHOCTB 
KJieTKH. OcoSemio xopomo raHKOKajiHKC Bbipaacen b meTOHHOH xaeMKe kjictok 
BcacBiBaKDmero amiTeaHa KinuemiMKa (3HTepon,iiTBi), oanaKO oh oSnapyacen 
npaKTHnecKH y Bcex jkhbothbix rjictok, ho CTeneHB ero BBipaaceHHOCTH 
pa3JiHHHa (pHC. 128 ). 

MexaimaecKaa ycTOHHHBOCTB naa3MaTHaecKOH MCMSpaiiBi, KpOMe Toro, 
oSecnemiBaeTCH CTpyKrypoH npiiMbiKaiomero k Hen co ctopohbi u,HTonna3MBi 
KOpTHKa J1BH OrO CJIOa H BHyTpHKJieTOHHBIX (|)H6pHJIJiapHBIX CTpyKTyp. 

KopTHKajibHbiH (ot cjiOBa - cortex -Kopa, KoacHpa) cjioh H,iiTonaa3MBi, 
aeacamHH b tcchom KOHTaKTe c jHinonpOTenaHOH HapyacHoii MeMSpaHOH, HMeeT 
paa oeoSeHHOCTeH. 3aec& b ToamiiHe 0 , 1 - 0,5 mkm OTcyTCTByiOT phSocombi h 
MeMSpaHHBie ny3BipBKH, ho b Sojibhiom KoanaecTBe BCTpeaaiOT ca 
(J)H6pHJiJiapHBie aaeMeHTBi miTonaasMBi - m m k p o cj) m a a m e n t b i h aacTO 
MHKpOTpySOHKH. OCHOBHBIM (J)H6pHaaapHBIM KOMnOHeHTOM KOpTHKaJIBHOTO 
cnoa aBaaeTca ceTB aKTHHOBBix MHKpocjiHSpHaa. 3aec& ace pacnonaraeTca paa 
BcnoMoraTejiBHBix SeaKOB, neoOxoauMbix aaa aBHaceinia yaacTKOB u,HTonaa3MBi 
(noapo6Hee o CKeaeTHO-aBHraTeaBHOH CHCTeMe KaeTOK cm. HHace). PoaB 3thx 
CBa3aHHBix c aKTHHOM SeaKOB o L ieiib Baacna, Tax kbk OHa oSBacnaeT hx yaacrae 
b CBa3H, b “3aaKOpeBaHHH” HHTerpaaBHBix SeaKOB n a a3 m ar h h e c ko h MeMOpaiibi. 

y mhothx npocTeHHiHx, ocoSemio y HH(|)y30pHH, naa3MaTHaecKaa MeMSpaHa 
npHHHMaeT yaacrae b o6pa30BaHHH neaamcyabi, acecTKoro caoa, aacTO 
onpeaeaaiomero (j)opMy KaeTKH. K naa3MaTHaecKOH MCMOpane 3aecb H3HyTpH 
MoryT npHMBiKaTB MeMSpamibie MemoaKH; b 3tom cayaae y noBepxHOCTH 
KaeTOK HMeiOTca TpH MCMopamibix caoa: coocTBenno naa3MaTHaecKaa 

MCMOpana h ase MeMOpaiibi neaaHKyaapHBix aaBBeoa. Y HH(J)y30pHH TycJieaBKH 
neaaHKyaa o6pa3yeT yToaipeHHa, pacnoaaraiomneca b Biiae mecTHyroaBHHKOB, 
b ueiiTpe KOTOpBix BbixoaaT pecHHaKH (pHC. 129 ). )fCecTKOCTb neaaHKyaapHBix 
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o6pa30BaHHH MoaceT obitb CBasana Taxace c oaeMeHTaMH unTonaasMbi, 
noflCTHJiaKDmHMii n a as m aT n h e cxy i o MeiviSpany, c xopTHxaabHbiM caoeM. TaK, b 
rpeonax nenjiHKyjibi 3BraeHbi b6hh3h MCMopanbi oSnapyacnBaiOTca KpOMe 
MeMSpaHHbix Baxyoaeil napaiuiejibHbie nynxH MHxpOTpySonex h 
MHKpocj)HJiaMeHTOB. Taxaa (jmSpHanapHaa nepncjiepHnecKaa apMaTypa BMecTe 
co cxnaanaTOH MHorocjioiiHOH MeMSpaHHOH nepH(|)epHeH co3aaeT acecTxyio 
CTpyKTypy nenanxyabi. 

Eapbepnaa poab njia3MOJieMMbi saxaiOHaeTca Taxace b orpannHeinni 
CBOSo^HOH aH(|)Cj)y3HM BemeCTB. Mo^eJIbHbie OnbITbl Ha HCKyCCTBeHHbIX 
jiHnHflHbix MCMopanax noKa3anH, hto ohh nponimaeMbi ana bohbi, ra30B, 
Maabix HenoaapHbix MOJieKya acHpopacTBOpHMbix BemecTB, ho coBepmeHHO He 
nponimaeMbi ana 3apaaceHHbix Moaexya (noiibi) h ana KpynHbix nesapaaceinibix 
(caxapa) (pnc. 130 ). 

EcTecTBeHHbie MCMOpaiibi Tax ace orpaunniiBaiOT cxopocTb npoiniKiiOBeiniH 
HH3KOMOJieKyjiapHbIX COeaHHeHIIH B KHCTKy. 

TpaHCMeM^paHHbibiii nepeHoc hohob h HH 3 KOMoeKyjiHpHbix coeaHHeHHH 

IIna3MaTHHecKaa MCMopana, Tax ace xax h apyrne aimonpoTenanbie 
MeMSpaHbi xaeTXH, aBJiaeTca noaynpOHimaeMOH. 3to 3HaHHT, hto nepe3 Hee c 
pa3JiHHHOH cxopocTbK) npoxoaaT pa3Hbie Moaexyabi h hcm ooabine pa3Mep 
Moaexya, TeM MeHbme cxopocTb npoxoacaemia hx nepes MCMOpany. 3to 
cbohctbo onpeaeaaeT n a a 3 m am h e c xy 10 MCMOpany xax ocMOTHnecxiiH 6apbep. 
MaxcHMaabHOH npOHuxaromen enoeoSHOCTbio oSaaaaeT Boaa h pacTBOpeHHbie 
b Hen ra3bi, 3HanHTeabHO MeaneHHee npoHHxaroT cxbo3b MeMSpaHy hohbi 
(npHMepHO b 10 4 pa3 MeaaeHHee). IIoaTOMy ecan xaeTxy, HanpHMep 3pHTpou,HT, 
noMecTHTb b cpeay, rae KOimeiiTpanna coaeii 6yaeT HHace, hcm b xaeTxe 
(runoTOHHa), to Boaa CHapyacn ycTpeMHTca BHyrpb xaeTXH, hto npHBeaeT x 
yBeaHneHHK) oObeMa xaeTXH h x pa3pbiBy naa3MaTHHecxoH MCMOpaiibi 
(“THnOTOHHHeCXHH HIOX”). HaoSopOT, npH nOMemeHHH 3pHTpOpHTa B paCTBOpbl 
coaen 6oaee bbicoxoh xoHH,eHTpau,HH, neM b xaeTxe, nporooHaeT Bbixoa Boaxi 
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H3 KJieTKH bo BHemHioK) cpeay. KneTKa npn ttom CMOpmHTca, yMeHbiHHTca b 
oSbeMe. 

TaKoii naccHBHBiii TpaHcnopT boabi H3 khctkh h b KJieTKy Bee ace naeT c 
HH3KOH CKOpOCTBK). CKOpOCTB npOHHKHOBeHHa BOflBI Hepe3 MCMSpaHy 

cocTaBJiaeT okojio 10" 4 cm/c, hto b 100 000pa3 MeHbine ckopocth ^H(J)(J)y3HH 
MOJieKyjI BOflBI Hopes BOAHBIH CHOI! TOHIHHHOH 7,5 HM. EblJIO 3aKJIK)HeHO, HTO B 
KJieTOHHOH MeMSpaHe, b ee aHnonpoTenaHOM cnoe cymecTByiOT cnepHaabHbie 
“nopBi” flna npoHHKHOBeHHa boabi h hohob. Hhcjio hx He Tax bcjihko: 
cyMMapHaa naomaab npn Beamnnie OTaeabHoi! “nopBi” okojio 0,3-0, 8 hm 
flOJHKHa COCTaBJWTB JIHHIB 0,06% BCeH KJieTOHHOH nOBepXHOCTH. 

B OTJiHHHe ot HCKyccTBeHHBix 6 hcjiohhbix aim nan bix MCMopan, 
ecTecTBeHHBie MeMSpaHbi, h b nepByio onepeab naa3MaTHnecKaa MeMSpaHa, Bee 
ace cnocoSHBi TpaHcnopTHpOBaTB hohbi h MHorne MOHOMepBi, TaKHe KaK caxapa, 
aMHHOKHCJIOTBI H ap- IIpOHHU,aeMOCTB HOHOB MaJia, npHHCM CKOpOCTB 

npoxoacaeHHa pa3HBix hohob HeoaHHaKOBa. Eoaee BbieoKaa ckopoctb 
npoxoacaeniia ana KaTHOHOB (K + , Na + ) h jiiamiTeabno HHace aaa aHHOHOB (Cl ). 

TpaHcnopT hohob L iepe3 naa3MaaeM\iy npoxoanT 3 a chct ynacTHa b ttom 
npopecee MeMSpaHHbix TpaHcnopTHbix SejncoB - nepMea3. 3th 6eaKH Moryr 
Becra TpaHcnopT b oanoM HanpaBJieHHH oanoro BemecTBa (yHHnopT) nan 
HeCKOJIbKHX BemeCTB OaHOBpeMeHHO (CHMnOpT), HHH ace BMeCTe C HMnOpTOM 
OflHoro BemecTBa bbiboahtb H3 khctkh apyroe (aHTHnopT). TaK, HanpHMep, 
rai0K03a MOaceT BXOaHTb B KaeTKH CHMnOpTHO BMeCTe C HOHOM Na + . 

TpaHcnopT hohob MoaceT nponexoaHTb no rpaaneHTy KOHueHTpaunn - 
naccHBHO 6e3 aonoaHHTeabHOH 3aTpaTbi OHepran. TaK, HanpHMep, b KaeTKy 
npoHHKaeT hoh Na + H3 BHemHeii epeabi, rae ero KOHu,eHTpau,Ha Bbime, neM b 
u,HTonaa3Me. B caynae naccHBHoro TpaHcnopTa HeKOTOpbie MCMopamibie 
TpaHcnopTHbie 6eaKH o6pa3yiOT MoaeKyaapHbie KOMnaeKCbi, kaiian.i, wepei 
KOTOpbie pacTBOpeHHbie MoaeKyabi npoxoaaT nepc j MCMopany 3 a chct npocToii 
aH(f)(|)y3HH no rpaanemy KOHu,eHTpau,HH. MacTb tthx KaHaaoB OTKpbiTa 
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nocTOAHHO, a apyraa L iacTb MoaceT 3 axpbiBaTbca hjth OTxp bi Barb ca b otbct jih6o 
Ha CBa 3 tiBaHHe c CHrHajiBHbiMH MOJieKyaaMH, jih6o Ha H 3 MeHeHHe 
BHyTpHKJieTOHHOH KOHu,eHTpau,HH hohob. B apyrnx cjiynaax cneiiHanbHbie 
MeMSpaHHBie 6enxH - nepeHOCHHKH 1136HpaTe.rn.HO CBaibiBaiOTca c TeM hjih 
hhbim hohom h nepeHoeaT ero nepe 3 MeM6paHy (oSnerneHHaa ^H(j)(J)y 3 Ha) (pnc. 
131). 

HajiHHne TaKHx ochkobbix TpaHcnopTHbix KananoB h nepenocwHKOB xa3anocb 
6bl aOH/KIIO npHBOAHTB K ypaBHOBeHIIIBaHHK) KOHU,eHTpaU,HH HOHOB H 
HH3KOMOJieKyjiapHBix BeuiecTB no o6e ctopohbi MeM6paHBi. Ha caMOM ace aerie 
3to He Tax: xoHH,eHTpau,Ha hohob b u,HTonjia3Me KJieTOK pe3xo OTJiHnaeTca He 
tojibko ot TaxoBOH bo BHeuiHeH cpeae, ho aaace ot njia3MBi xpOBii, OMbiBaiomeH 
xaeTXH b opraHH3Me '/Xhbotiibix. Ha Ta6n. 14 noxa3aHBi xoHu,eHTpau,HH hohob 
BHyTpn h CHapyacH xaeTXH. 

Ta6jmua 14. 


Hoh 

B II y T p H KH 6TOH n aa 

BiieKJieTomiaa 


xoHH,eHTpan,Ha, mM 

xoHu,eHTpau,Ha, mM 

Na + 

5-15 

145 

K + 

140 

5 

Mg 2+ 

30 

1-2 

*Ca 2+ 

1-2 

2,5-5 

cr 

4 

110 


*KoHu,eHTpau,Ha Ca 2+ b CBoOoaiiOM cocTOHinni b u,HT 030 Jie 3 y Kap moth nee khx 
xaeTOx cocTaBJiaeT 10' 7 M, a CHapyacn 10" 3 M. 

Kax BHano, b 3tom caynae, cyMiviapiiaa KOimeiiTpamin oaHOBajieHTHBix 
xaraoHOB xax BHyTpH xaeTOx, Tax h CHapyacn npaxTHnecxH oaHHaxoBbi (150 
mM), H30T0HHHHa. Ho oxa3biBaeTca b u,HTonjia3Me xoHu,eHTpau,Ha K + nonra b 
50 pa3 Bbirne, a Na + HHace, hcm b nna3Me xpOBii. npnneM 3to paannwHe 
noaaepacHBaeTca tojibxo b acHBoii xaeTxe: ecjin xneTxy y6iiTb hjth noaaBHTb b 
Heir MeTaSojiHnecxHe npou,eccbi, to nepe3 HexoTOpoe BpeMa HOHHbie pa3JiHHHa 
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no o6e CTOpOHM naa3MaTnnecxon MeM6paHbi ncne3HyT. MoacHO npocTO 
oxna^HTB KJieTKH #0 +2°C, n nepes HeKOTOpoe Bpeivia KoimeiiTpaunH K + n Na + 
no o6e CTOpOHM ot MCMopaiibi CTaHyT on h n a xo b bi m h . Ilpn HarpeBaHnn xacTOx 
3to pa3Jinnne BOCCTaHaBJinBaeTca. 3to aBaemie CBaaano c TeM, hto b KJieTKax 
cymecTByiOT MCMSpamibie SeaxoBbie nepeHoennxn, KOTOpbie paSoTaiOT npoTHB 
rpanneHTa KOHu,eHTpan,nn, 3aT pawn Baa npn 3tom snepnno 3a chct rnnpoaroa 
AT<1>. Taxon ran paSoTbi hocht Ha3BaHne aKTHBHoro TpaHcnopTa, n oh 
ocymecTBJiaeTca c noMOinxio SeaxoBbix hohhmx HacocoB. B naa3MaTnnecxon 
MCMSpane naxoanTca nByxcySbennHHHHaa Monexyria (K + + Na + )-Hacoca, 
KOTOpaa onHOBpeMeHHO aBaaeTca n AT<l>a30H. 3tot Hacoc npn paSoTe 
OTKannBaeT 3a ohhh pnxa 3 noHa Na + n 3aKannBaeT b KJieTKy 2 noHa K + npoTHB 
rpanneHTa KOHu,eHTpau,nn. npn stom 3aTpannBaeTca oana Moaexyaa ATO, 
nnymaa Ha (J)0C(j30pnjiHp0BaHne ATOa3bi, b pe3ynbTaTe nero Na + nepeHOCHTca 
nepea MCMSpany H3 xneTxn, a K + noaynaeT bo3mo5xhoctb CBa3aTbca c SeaxoBon 
Moaexyaon n 3areM nepeHOCHTca b xneTxy (pnc. 132). B pe3yabTare axTHBHoro 
TpaHcnopTa c noiviombio MCMopamibix HacocoB nponcxonnT Taxace peryaapna b 
xaeTxe xoHpeHTpapnn n HByxBaaenTiibix xaraoHOB Mg 2+ n Ca 2+ , Taxace c 
3aTpaTon ATO. 

Taxaa nocToaHHaa paSoTa nepMea3 n HacocoB coanaeT b xneTxe no CToaHHyK) 
xoHn,eHTpau,HK) iiohob h HH3xoMoaexyjiapHbix BemecTB, co3naeT t.h. roMeocTa3, 
nocToaHCTBO xoHu,eHTpan,Hn ocMOTnnecxn axTHBHbix BeuiecTB. Haao otmcthtb, 
hto npHMepHO 80% Been AT<E xneTxn TpaTHTca Ha nonnep>KaHHe roMeocTa3a. 

B coneTaHHH c axTHBHBiM TpaHcnopTOM hohob nepe3 n a a3 m amn e cxy io 
MeiviSpany nponcxonnT TpaHcnopT paaaHHiibix caxapOB, HyxaeoTnnoB n 
aMHHOXHCaOT. 

Tax axTHBHbin TpaHcnopT raK)X03bi, xoTOpaa cnMnopTHO (oanoBpeivienno) 
npoHiixaeT b xaeTxy BMecTe c noTOxoM naccnBHO TpaHcnoprapyeMoro noHa 
Na + , 6yneT 3aBnceTb ot axTHBHOCTH (K + + Na + )-Hacoca. Ecan 3tot (K + -Na + )- 
Hacoc 3a6aoxnpOBaTb, to exopo pa3HOCTb xoHu,eHTpau,HH Na + no o6e CTOpOHM 
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MeMSpaHti HCHesneT, coKpaTHTca npn stom nH^cjiyami Na + BHyrpb KJieTKH, h 
OflHOBpeMeHHO npeKpaTHTCH nocTynneHHe riiK)K03Bi b KJieTKy. KaK tojibko 
BOCCTaHOBHTC^ paSoTa (K + -Na + )-ATOa3&i h eo3flaeTCn pa3HOCTB KOHu,eHTpau,nn 
HOHOB, TO Cpa3y B03paCTaeT ,HH(|)(|)y3HbIH nOTOK Na + H OflHOBpeMeHHO 
TpaHcnopT rjiK)K03i>i. rioaoono 3TOMy ocymecTBaneT ch wepea MCMopany h 
noTOK aMHHOKHCJiOT, KOTOpBie nepenocHTcn cnemianbiibiMii 6ejncaMH- 
nepeHOCHHKaMH, paSoTaiomuMH KaK CHCTeMbi CHMnopTa, nepeHOCn 
OflHOBpeMeHHO HOHbl. 

Akthbhbih TpaHcnopT caxapOB h aMHHOKHCJiOT b SaKTepHajibHbix KJieTKax 
oSycjiOBJieH rpa^neHTOM hohob BOflOpo^a. 

CaMO no ce6e ynacTne cnemiajibiibix MCMopainibix SejiKOB, ynacTByiounix b 
naccHBHOM hjih aKTHBHOM TpaHcnopTe HH3KOMOJieKyjiMpHbix coennneiiMn, yKa3biBaeT 
Ha BbicoKyK) cneu,n(J)HnHOCTb stoto npopecca. ,Z],a5Ke b cjiynae naccnBHoro hohhoto 
TpaHcnopTa SejiKH “y3HaK)T” /jaHHbin hoh, B3anMOflencTByK)T c hhm, CBH3biBaiOTai 
cneu,n(j)HnecKH, MemnoT npn stom cbokd KOH(j)opMau,HK) n (J)yHKu,noHHpyK)T. 
CneflOBaTejibHO, y>Ke Ha npHMepe TpaHcnopTa npocTbix BemecTB MeMSpaHbi 
BbiciynaiOT KaK aHajiH3aTOpbi, KaK pepenTOpbi. Ocooenno TaKaa penenTopnaa pojib 
npouBJineTCn npn noraomeHHH kjictkoh SHonojiHMepOB. 

Be 3 HKYJlHpHbIH IiepeHOC: 3 HH 011 HT 03 H 3 K 3 QUHTQ 3 

MaKpOMOJieKyjibi tekhc KaK SejiKH, HyKJieHHOBbie khcjiotbi, nojiHcaxapH^bi, 
jinnonpoTeH^Hbie KOMnjieKCbi h npyrne ckbo3b KJieTOHHbie MCMopaiibi He 
npOXOflBT, B npOTHBOBeC TOMy KaK T p a II C n O p T H p y I O T C H HOHbl H MOHOMepbl. 
TpaHcnopT MHKpOMOJieKyji, hx KOMnjieKCOB, nacTHu, BHyTpb kjictkh h H3 Hee 
npOHCXOflHT COBepHieHHO HHbIM nyTCM - nOCpeflCTBOM Be3HKyjI^pHOTO 
nepeHOca. 3tot TepMHH ojnanaeT, hto paiJinmibie MaKpOMOJieKyjibi, 

6 n o n on n m e p bi , hjih hx KOMnjieKCbi, He Moryr nona^aTb b KJieTKy ckbo3b 
njia3MaTHnecKyK) MeM6paHy. H He tojibko ckbo3b Hee: jiioSbie KJieTOHHbie 
MeMSpaHbi He cnocoSHbi k TpaHCMeMSpaHHOMy nepeHoey SnonojiKMepOB, 3a 
HCKJHoneHHeM MeM6paH, hmcioihhx oco6bie SejiKOBbie KOMnjieKCHbie 
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nepeHOCHHKH - nopmibi (MCMopanbi m ht oxo nap h m , naacraa, nepOKCHCOM). B 
KJieTKy ace hjih H3 oanoro MeNiSpannoro KOMnapTMeHTa b apyroil 
MaKpOMOJieKyjibi nonaaaiOT 3axaioaeHHbiMH BHyTpH Baxyoaeii hjih Be3Hxya. 
Taxon Be3HKyjmpHbiH nepeHoc Moaoio pa3aeaHTb Ha aea BHaa: 3K30PHT03 - 
BbiHOC H3 KaeTKH m a k p o m 03 e xya a p n bi x npoayKTOB, h 3h^iohhto 3 - noraouieHiie 
KaeTKOH MaKpOMoaeKya (pnc. 133). 

IIpH 3iiaomrro3e onpeaeaemibiM yaacTOx naa3MaaeMMbi 3axBaTbiBaeT, KaK 6bi 
oSBoaaKHBaeT BHexaeToaHbiH MaTepnaa, 3axaioaaeT ero b MCMSpannyio 
Baxyoab, B03HHKHiyio 3a chct BnamiBaniifl naa3MaTHaecxoH MeiviSpanbi. B 
TaKyio nepBimnyio Baxyoab, nan b 3h^ocomv, MoryT nonaaaTb aio6bie 
SnonoaHMepbi, m a k p o m o a e xya ap h bi e KOMnaeKCbi, aacTH xaeTOK nan aaace 
peabie xaeTKH, rae 3aTeM h pacnaaaiOTca, aenoaHMeproyiOTca ao MOHOMepOB, 
KOTOpbie nyTeM t p a n c m e m 6 p a n n o ro nepeHOca nonaaaiOT b riiaaonaa3My. 
OcHOBHoe SHoaoriiaecxoe 3HaaeHiie 3Haou,iiT03a - 3 to noayaeHHe 
CTpOHTeabHbix SaoKOB 3a caeT BHyTpHKaeTOHHoro nepefiapHBaHHH, KOTOpoe 
ocymecTBaaeTca Ha btopom 3Tane 3H^ou,HT03a nocae caHamia nepBHHHOH 
3H^ocoMbi c aH30C0M0H, Baxyoabio, coaepacamen na6op rHapoaiiTimecKHx 
(JiepMeHTOB (cm. HHace). 

3h^oh,hto 3 (jiopMaabHO pa3aeaaiOT Ha iihhouhto3 h (|)arouHT03 (pnc. 134). 
OaromiToa - 3axBaT h noraouieHiie xaeTKOH KpynHbix aacTiiu, (inioraa aaace 
xaeTOK nan hx aacTeii) - 6bia BnepBbie omicaH H,H, MeaHHKOBbiM. Oarou,HT03, 
cnoco6nocTb 3axBaTbiBaTb xaeTKOH KpynHbie aacTHpbi, BCTpeaaeTca cpean 
xaeTOK acHBOTHbix, kbk oanoKaeTomibix (HanpHMep, aivieobi, neKOTopbie 
xiiiHHbie HH(J)y30pHH), TaK h a-Jifl cneu,HaaH3HpoBaHHbix xaeTOK 
MHoroxaeToaHbix acHBOTHbix. Cneu,HaaH3HpOBaHHbie xaeTKH, c[)arou,HTbi 
xapaxTepHbi xax ana 6ecno3BOHoaHbix acHBOTHbix (aivieooLuiTbi xpOBH nan 
noaocTHoii acHaxocTH), Tax h ana no3BOHoaHbix (nenTpocjnmbi h MaxpocJiarH). 
IIhhoh,hto 3 BHaaaae onpeaenanca xax noraomeHHe xaeTKOH Boabi nan Boanbix 
pacTBOpOB pa3Hbix BemecTB. Ceiiaac H3BecTH0, aTO xax (J)arou,HT03 Tax h 
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nnH0u,HT03 npoTCKaiOT owenb cxo/jho, h nosTOMy ynoTpeSjieHHe sthx TepMHHOB 
MoaceT OTpa>KaTb jiimib paSjiHHHH b oSbCMax, Macce noraomeHHbix BemecTB. 
06mee ,njia sthx npopeccoB to, hto noraomeHHbie BemecTBa Ha noBepxHOCTH 
n jia3MaTHHe ckoh MeiviSpanbi oxpyacaiOTca MeiviSpanoM b Boae BaxyoiiH - 
3H^ocoMbi, xorapaa nepeMeuiaeTca BHyrpb xjictxh. 

3h^0U,HT03, BKJIKDHaa nHH0H,HT03 H (jiar0I],HT03, MO'/KCT 6bITb 
HeCneH,H(J)HHeCKHM HUH KOHCTHTyTHBHbIM, nOCTOaHHbIM h cnemi(J)HHecxHM, 
onocpe/iyeMbiM peu,enropaMH (pepenTOpHbiM). Hecnei;H(|)HHecKHH 3 h/jouhto 3 
(miH0u,iiT03 h c|)aromiT03), Tax naibmaeTca noTOMy, hto oh npOTexaeT kbk 6bi 
aBTOMaTHHeCKH H HaCTO MO'/KCT npHBOflHTb k 3axBaiy h noraomeHHio 
coBepmeHHO nyac/ibix hjih 6e3pa3JiHHHbix ana xjictxh BemecTB, HanpHMep, 
HaCTHHCK Ca>KH hjih xpacHTejieil. 

Hecneu,H(|)HHecKHH 3h^,ou,hto3 nacra conpOBoac^aeTca nepBOHanajibHOH 
copSpiien 3ax BaTbi Baio uiero MaTepnajia rjiHKOKajiHKCOM njia3MOJieMMbi. 
rjiHKOKajiHKC H3-3a KHCJibix rpynn cbohx nojiHcaxapH^OB HMeeT OTpimaTeabiibiii 
3apa^ h xoporno CBa3biBaeTca c pa3JiH L nibiMH nojioacHTejibHO 3apa5xeHHbiMH 
rpynnaMH SejixoB. IIpH TaxoM ajicopomionnoivi n e c n e u n cf ) h h e c ko m 3njjomiT03e 
noraomaiOTca MaxpOMOJiexyjibi h Mejixne Hacraubi (xncjibie Sejixn, (jieppHTHH, 
aHTHTeJia, BHpHOHbl, XOJlHOHflHbie HaCTHHbl). }KHaKO(|ja3IIbIH nHH0U,HT03 
npiIBOflHT X nOTJIOUieHHK) BMeCTe C >XH,Z],XOH Cpe^OH paCTBOpHMbIX MOJiexyjI, 
xoTOpbie He CBasbiBaiOTca c njia3MOJieMMOH. 

Ha cneflyiomeM 3Tane nponcxo^HT H3MeHeHHe MOpcjiojiorHH xjieTOHHOH 
noBepxHOCTH : sto hjih B03HHXH0BeHiie HeSonbHiHx BnaHHBaHHH njia3MaTHHecxoii 
MeMSpaHbi, HHBarHHapHH, hjih ace 3to noaBJieHiie Ha noBepxHOCTH xjictxh 
BbipocTOB, cxjia/iox hjih “o6opox” (pacj)a - no-aHTJiHHCXH), xoTOpbie xax 6bi 
saxaecTbiBaiOTca, cxjia^biBaiOTca, OT^ejiaa neooabujiie oSbeivibi acn^xoii cpezibi 
(pHC. 135, 136). nepBbiii ran B03HiixH0BeHHa raiHOu,HT03Horo ny3bipbxa, 

miHOCOMbi, xapaxTepeH ana xaerax ximienHoro smiTeana, 3H,noTejiHa, njia aivieo, 
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BTOpoii - flJM (J)arou,HTOB h (JmdpoSjiacTOB. 3th npopeccti 3aBHcaT ot 
nocTymemifl iiiepniii: unniOHTopbi nbixaima SaoKiipyiOT sth npoueccbi. 

Bcjie# 3a Taxon nepecTpOHxoH noBepxHOCTH cne^yeT h npopecc cjinnamni h 
CJIHHHHH KO II T a KT H p y I O LH H X Me M 6 pail, KOTOpBIH npHBOflHT K o6pa30BaHHK) 
neHHH,iiT03Horo ny3BipBKa (minocoMa), OTpbiBaiomeroca ot kjictohiiom 
noBepxHOCTH h yxoaamero Braydb u,HTonjia3Mbi. Kax iiecneu.H(|)H L iecKHH Tax h 
peuenTopiibin 3h/ioh,hto3, npiiBonauiiiM x OTuienaeiimo MCMopamibix ny3BipbxoB, 
npoHCxo^HT b cneu,HajiH3HpOBaHHBix ynacTxax mas m aT nice ko h MCMdpaiibi. 3to 
Tax Ha3tiBaeMbie OKaiiMJieHHbie hmkh. Ohh Ha3biBaK>Tca Tax noTOMy, hto co 
CTOpOHBi H,HTonna3MBi njia3MaTHHecxan MCMopana noxpBiTa, o^eTa, tohxhm 
(oxojio 20 hm) bojioxhhctbim cnoeM, xoTOpbiii Ha yjiBTpaTOHXHx cpe3ax xax 6bi 
oxaiiMJiaeT, noxpbiBaeT Hedojibimie BnaHHBamM, hmxh (pnc. 137 ). 3th hmxh ecTb 
non™ y Bcex xjieTOx >xhbothbix, ohh aaiiHMaiOT oxojio 2 % xjictohhoh 
noBepxHOCTH. OxaiiMJiaiOHHiH cjioh coctoht b ochobhom H3 6ejixa KJiaTpHHa, 
ac c o u n n p o b a 1 1 1 1 o ro c panoM jjonoaiiHTeabiibix SejixoB. Tpii MOJiexyjiBi xjiaTppma 
BMecTe c TpeMa MOJiexynaMH HH3xoMOJiexyjiapHoro 6ejixa o6pa3yiOT CTpyxTypy 
TpHexejiHOHa, HanoMHHaiomero TpexjiyneByio CBacTHxy (pnc. 138 ). 
KjiaTpHHOBBIH TpHCXeJlHOHBI Ha BHyTpCHHCH nOBepXHOCTH UMOX nJia3MaTHHeCXOH 
MeMSpaHBi o6pa3yK)T pBixjiyio ceTb, cocToamyio H3 naTii- h mecTHyrojibHHxoB, b 
pejiOM iianoMiiiiaiouiyio xop3HHxy. KnaTpriHOBbiii cjioh oneBaeT Beet. nepHMeTp 
ottcjihiolhiixch nepBHHiibix 3ii/iomiT03iibix Baxyojieii, oxanMJieHHbix nyibipbKOB. 

KnaTpHH OTHOCHTCa X OflHOMy H3 BHflOB T.H. “OflCBaiOmHX” SeJIXOB (COP - 
coated proteins). 3th Sejixn CBH3biBaiOTca c HHTerpanbHbiMH SejixaMH- 
pepenTOpaMH co CTOpOHBi u,HTonjia3MBi h o6pa3yiOT one Baio mini cjioh no 
nepHMeTpy B03HHxaioiii;eH miHOCOMbi, nepBHHHoro sh^ocomhoto ny3Bipbxa - 
“oxaiiMJieHHoro” ny3bipbxa. b ottcjiciiiiii nepBumiOH mnocoMbi ywacTByiOT 
Tax>xe 6ejixn - nmiaMHiibi, xoropbie nojinMcpinyiOTca Boxpyr meiixH 
OTTCJiaiOLiieroca ny3bipbxa (pnc. 139 ). 
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Ilocjie Toro KaK OKanMaemibin ny3bipeK OTaeaHTca o naa3MoaeMMbi h naHiieT 
nepenocHTbCH Bray 6b unTonaaiMbi KaaTpHHOBbiH caon pacnaaaeTca, HnccomnipyeT, 
MeM6paHa 3HaocoM (hhhocom) npnoSpeTaeT o6bihhbih BHa. Ilocae noTepH 
KaarpHHOBoro caoa 3Hao combi nannnaiOT caHBarbca apyr c apyroM. 

Bbiao nanaeno, hto MeM6paHbi OKaiiMaeHHbix amok coaepacaT cpaBHHTeabHO 
Maao xoaecTepHHa, hto mO/KCt onpeaenarb cnnaceiiHe acecTKOCTH MeM6paH h 
cnocoScTBOBaTb o6pa30BaHHK) ny3bipbKOB. BHoaoniaecKHii CMbica noaBaeHHa 
KaaTpHHOBOH “my6bi” no nepHcfiepHH ny3bipbKOB, bo3mo>kho, aaKaionaeTCH b 
tom, hto oh oOecnemiBacT cnenaemie OKaiiMaeHHbix ny3bipbKOB c sacMcnTaMn 
n hto c Ken ct a n nocaeayiOHnin nx TpaHcnopT b KaeTKe, n ripen jit CTByeT nx 
chhhhhk) apyr c apyroM. 

HHTeHCHBHOCTb aCHaKO(J)a3HOTO HCCneU,H(])HHeCKOrO nHH0U,HT03a MOaceT 6bitb 
oneiib BbicoKon. Tax KHCTKa snnTeana tohkoto km lh cm mica o6pa3yeT ao 1000 
nimocoM b eery nay, a MaKpocjiarn o6pa3yiOT oxoao 125 miHOCOM b MHHyry. 
Pa3Mep nimocoM HeBeanK, nx HnacHnn npeaea cocTaBaaeT 60-130 hm, ho o6nnne 
hx npHBoaHT k TOMy, hto npH 3Haou,HT03e naa3MoaeMMa SbiCTpo 3aMemaeTca, 

Kax 6bi “TpaTHTca” Ha o6pa30Bamie MHoacecTBa MeaKHx BaKyoaeii. TaK y 
MaKpocj)aroB bch naa3MaTnnecKaa MCM6pana aaMenaeTca 3a 30 MHHyT, y 
(J)H6po6aacTOB - 3a aea naea. 

/l^aabHeiimaa cyab6a nnaocoM MoaceT 6bitb pa3aHHHoii, nacTb H3 hhx MoaceT 
b 03 b p a uiaT b c h k noBepxHO cth KaeTKH h caiiBaTbca c Hen, ho Soabmaa nacTb 
BCTynaeT b npopece BHyTpHKaeTOHHoro rainieBapeHHa. IlepBHHHbie 3HaocoMbi 
coaepacaT b ochobhom 3axBaaeHHbie b acHaKoi! epeae nyacepoanbie MoaeKyabi h 
He coaepacaT rHapoaHTHaecKHx cjiepMcnTOB. snaocoMbi MoryT canBaTbca apyr c 
apyroM npn 3tom yBeaHHHBaacb b pa3Mepe. Ohii 3aTeM canBaiOTca c 
nepBHHHBIMH HH30 COMaMH (cm. HHace), KOTOpbie BBOaaT B nOaOCTb 3HaOCOM 
(J)epMeHTbi, rHapoaH3yiomHe pa3aHHHbie 6HonoaHMepbi. ^,encTBne 3thx 
aH30COMHBix rnapoaaa h Bbi3biBaeT BHyTpHKaeTOHHoe nnuiCBapenne - pacnaa 
nOHHMepOB aO MOHOMepOB. 
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Kaic y>xe yxa3braaaocb, b xoae (J)arou,HT03a h miHopinxm xhctxh TepaiOT 
SojibmyK) naoma^b naa3MoaeMMbi (cm. MaKpo(J)arH), xoTOpaa oanaKO aoBoabiio 
SbiCTpo BOCCTaHaBJiHBaeTca npn peH,HxnH3ai],HH MeMSpaH, 3a caeT B03BpameHHa 
Baxyoaei! h hx BCTpanBanna b njia3MOJieMMy. 3to nponcxoaHT BcaeacTBiie Toro, 
HTO OT 3 Ha O COM HHH BaxyOHCH, Tax /KC XaX H OT JIH30C0M MOiyT OT^eJiaTbCa 
HeSojibinne ny3bipbxn, xoTOpbie bhobb caHBaiOTca c naa3MoneMMOH. IIpH Taxon 
peu,HXJiH3au,HH nponcxoaHT xax 6bi “Heanomibiii” nepeHOC MCMopan: 
iuia3MOJieMMa - miHOCOMa - Baxyoab - ruia3MOJieMMa. 3to BeaeT x 
BOCCTaHOBJieHHK) ncxoflHOH naomaan njia3MaTHHecxofi MeMSpaHbi. HaiiaeHO, hto 
npn TaxoM B03BpaTe, peu,HXJiH3au,HH MeMSpaH, b ocTaBineHca 3HaocoMe 
yuepxcHBaeTca Becb noraomeHHbra MaTepnaa. 

CnepmjmHecKim hjih onocpeayeMbiii peuenTopaMH 3Haou,HT03 HMeeT paa 
OTaHHHH ot Hecneu,H(f)HHecxoro. TnaBHoe b tom, hto noraomaiOTCfl Moaexyabi, 
,HJia xoTOpbix Ha n a a 3 m aT h h e c ko h Me m 6 pane ecTb cneHMcjameckTie pepenTOpbi, 
accou,HiipyK)HHieca Toabxo c aamibiM thhom Moaexya. HacTO Taxne Moaexyabi, 
CBa3biBaK)m;Heca c SeaxaMH-pepenTOpaMH Ha noBepxHOCTH xaeTOx, Ha3biBaK)T 
anraH/jaMiH. 

BnepBbie onocpeaycMbiM pepenropaMH 3 iiaoHHT 03 6bia onucan npn 
HaxonaeHHH SeaxoB b 00 hut ax mam,. Beaxn aceaTOHHbix rpaHya, 

BHTeaaoreHHHbi, CHHTe3HpyK)Tca b paaaHHiibix TxaHax, ho 3aTeM c toxom xpOBii 
nonaaaiOT b hhhhhxh, rae CBa3biBaK)Tca co cneu,HaabHbiMii MeMSpaHHbiMH 
pepenTOpaMH oou,htob h 3aTeM c noMombio 3Haou,HT03a nonaaaiOT BHyTpb 
xaeTXH, rae h nponcxoaHT OTao'/xenne /xeaTomibix rpaHya. 

/(pyroH npHMep H36HpaTeabHoro 3naonnT03a npeacraBaaeT co6oh TpaHcnopT 
b xaeTxy xoaecTepnna. 3tot annna CHHTe3HpyeTca b nenenn h b xoMnaexce c 
apyrHMH 4)oc(|)oaHnnaaMH h ochkoboh Moaexyaoii o6pa3yeT t.h. aiinonpoTena 
hh3xoh naoTHOCTH (J1HII), xoTOpbiH cexpeTHpyeTca xaeTxaMH neneHii h 
xpOBeHOCHOH CHCTeMOH pa3HOCHTca no BceMy Teay (pnc. 140 ). Cneu,HaabHbie 
pepenTOpbi naa3MaTHHecxon MCMopaiibi, an(}x|)y3no pacnoao'/xeniibie Ha 
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nOBepXHOCTH pa3JIHHHLIX KJieTOK, y3HaK)T SeJIKOBLIH KOMIIOHeHT J1HII, H 
o6pa3yK)T cneu,H(J)HHecKHH KOMnneicc pepenrop-aHraHa. Bcaea 3a 3thm Taxon 
KOMiuieKC nepeMemaeTca b 30Hy OKaiiMJieHHBix hmok h HHTepHaaH3yeTca - 
OKpyacaeTca Me mo pan oh h norpyacaeTca Bray 6b miTonaasMbi. IIoKa3aHO, hto 
MyT aHTHBie penenTopw MoryT CBaibiBaTb J1HII, ho He a k k y m y a h p y i o t c a b 30He 
OKaiiMaeHHbie aMOK. KpOMe pepenropOB k J1HII o6HapyaceHO 6oaee aByx 
aecHTKOB apyrnx, yHacTByiomux b peuenropnoM snaouHTOie paianHiibix 
BeuiecTB, Bee ohh Hcnoab3yK)T oflHH h tot ace nyTb HHTepHaaH3au,HH nepea 
OKaiiMaeHHbie mkh. Bepoarao, hx poab aaxaiOHaeTca b HaKanaHBaHHH 
pepenTOpOB: oaHa h Ta ace OKaiiMaeHHaa aMica MoaceT co6paTb okoho 1000 
pepenTOpOB pa3Horo Kaacca. OaHaKO y (j)H6po6aacTOB KaacTepbi pepenropOB 
JIHn pacnoaoaceHbi b 30He oicaHMaeHHbix aMOK aaace b OTcyTCTBHe anranaa b 
cpeae. 

^aabHenmaa cyab6a noraomemiOH aacTHpbi J1HII 3aKaiOHaeTca b tom, hto 
OHa noaBepraeTca pacnaay b cocTaBe btopmhhoh aH30C0Mbi. Ilocae 
norpyaceima b u,HTonaa3My OKaiiMaeHHoro ny3bipbKa, HarpyaceHHoro J1HII, 
nponcxoanT 6biCTpaa noTepa KaaTpHHOBoro caoa, MeMopamibie ny3bipbKH 
HanHHaiOT caHBaTbca apyr c apyroM, o6paaya 3iiaocoMy - Baicyoab, coaepacamyio 
noraomeHHbie JIHn-HacTHpbi, CBa3amibie eme c pepenropaMH Ha nOBepXHOCTH 
MeM6paHbi. 3aTeM nponcxoanT anccomiamia KOMnaeKca anrana-peuenTop, ot 
3HaocoMbi OTmenaaiOTca Meaxne Baxyoan, MeM6paHbi KOTOpbix coaepacaT 
CBoOoaHbie peuenTopbi. 3th ny3bipbKH pemiKanpyiOTca, BxaionaiOTca b 
naa3MaTHHecKyio MeM6paHy, h tcm caMbiM, peuenropbi BOiBpamaiOTca Ha 
noBepxHOCTb KaeTKH. CyaxSa ace J1HII coctoht b tom, hto nocae canaHHa c 
an30C0MaMH, ohh rnapoaniy iOTca ao CBoOoanoro xoaecTepHHa, koto p bin MoaceT 
BKHionaTbCH b KaeTOHHbie MCMopanbi. 

3Ha0C0Mbi xapaKTepH3yiOTca 6oaee hh3khm 3HaneHHeM pH (pH 4-5), 6oaee 
KHcaoii cpeaoii, neM apyrne KaeTOHHbie BaxyoaH. 3to CBaiano c naannHCM b hx 
MeM6paHax 6eaKOB npoTOHHoro Hacoca, 3aKaHHBaioiHHx hohbi Boaopoaa c 
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OAHOBpeMeHHOH 3aTpaTOH AT<1> (H + -3aBHCHMaa ATOa3a). Kncjiaa cpepa BHyTpH 
3h^ocom HrpaeT pemaiomyK) pout b pHCCopnapnH pepenropOB h jiHraHpoB. 
KpOMe Toro, xncjiaa cpepa aBJiaeTca onTHMajibHofi pjia axmBapHH 
rHflponHTHHecKHx {j)epMeHTOB b cocTaBe JIH30C0M, KOTOptie a kt h b H py IOTCH npH 
CJIHilHHH JIH30C0M C 3HpOCOMaMH H npiIBOflOT K 06pa30BaHHK) 3H.30JIH30C0MM, B 
KOTOpoii h npOHexoflHT pacmernieHiie noraomeHHBix ononoaHMepB. 

B HeKOTOpBix cjiynaax cypbSa HHCComnipoBainibix jiHraHpoB He CBnaana c 
JIH30C0MHBIM rHflp0J!H30M. TaK B II 6 KOTO p BIX KJieTKaX nOCJie CBH3bIBaiIHH 
peuenTopoB naasMoaeMMbi c onpeaeaemibiMii 6ejiKaMH, noKpbiTbie KJiaTpHHOM 
BaxyoHH norpy/KaiOTCH b u,HTonjia3My h nepenocaTca k ppyron oSnacra kjictkh, 
rpe cjiHBaKDTca CHOBa c njia3MaTHHecxoH MeM6paHOH, a CBa3aHHbie Sejixn 
AHCCOH,HHpyK)T ot pepenTOpOB. Tax ocyipecTBJiaeTca nepeHOC, TpaHcpHT03HC, 
neKOTopbix SejiKOB wepea CTeiiKy 3HpoTejiHajibHOH kjictkh H3 njia3Mbi KpOBH bo 
Me>KKJieTOHHyK) cpepy (pnc. 141). ^pyroil npHMep TpaHcpiiT03a - nepeHOC 
aHTHTeji. Tax y m a e ko n h t a i o uhi x aHTHTejia MaTepH, Moryr nepepaBaTbca 
peTCiibiHiy L iepe3 mojioko. B stom cjiynae KOMnjieKC pepemop-aiiTMTe.ro ocTaeTcr 
B 3HpOCOMe 6e3 H3MeHeHHH. 

OarouHTQ3 

Kax y>xe roBOpHJiocb, cfjaropinoa aBJiaeTca BapnaiiTOM anpopiiToaa h CBraan c 
noraouieiiiieM xjieTKOH xpynHbix arperaTOB MaxpOMOJiexyji bhjiotb po jxhbbix 
hjih MepTBBix xjieTOx. Tax 5xe xax h raiH0u,HT03, (J)arou,HT03 MO>xeT 6bitb 
Hecneu,H(J)HHecKHM (HanpHMep, noraoipeHHe (|)H6po6nacTaMH hjih MaKpocjDaraMH 
HaCTHHCK KOJIJIOHpHOTO 30JI0Ta HJIH nOJIHMepa PCKCTpaiia) H Cnemi(j)H L ieCKHM, 
onocpepyeMbiM pe pen to pa mm Ha noBepxHOCTH n ji a3 m aT m h e c ko m MCMSpaiibi 
(J)arou,iiTHpyK)HHix xjieTOx. npn (J)arou,iiT03e nponcxopHT o6pa30BaHHe Sojibhihx 
3HP0U,HT03HBIX BaxyOJieH - (|)arOCOM, KOTOpbie 3aTeM CJIHBaflCb C JIH30C0MaMH 
o6pa3yiOT <J)ar0JiH30C0Mbi. 

Ha noBepxHOCTH xjieTOx, cmoco6iibix x (j3arou,HT03y (y m a e ko n u t a i o him x sto 
HeHTpocjjHJibi h Maxpo^arn) cymecTByeT Ha6op pepemropOB, 
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B3aHM0,neHCTByK)iii;Hx c 6eji kemh-ji h rai maM h . Tax npH oaKTepnajibiibix 
HH(j)eKu,H^x aHTHTena k SejiKaM SaKTepHH CBasbiBaiOTca c noBepxHOCTbio 
oaKTepnaabiibix kjictok, oSpasya cjioh, b kotopom F c -o6nacTH aHTHTen CMOTpaT 
Hapy>Ky. 3tot cjioh y3HaeTCn cnepHcfMHecKHMH peu,enropaMH Ha noBepxHO cth 
MaKpocjiaroB h HeHTpo(J)HJiOB, h b MecTax hx CBH3biBaniia nan iinaeTca 
noraomeHHe SaKTepHii nyTeM oSBOJiaKHBainni ee n a as m et h l i e c ko h MexiopanoH 
KJieTKH (pHC. 142 ). 

3k3Q11HT03 

rijia3MaTHHecKaa MexiSpana npHHHMaeT yiacTiie b BbiBeaemni BemecTB H3 
KJieTKH C nOMOHIBIO 3K30UHT03a - npOU,eCCa, oSpaTHOTO 3Hfl0U,HT03y (cm. pHC. 

133 ). 

B cjiynae 3K30u,HT03a, BHyTpHKJieTOHHbie npoayKTbi, saKjnowemibie b BEKyojiH hjih 
ny3bipbKH h OTrpanH L iemibie ot THanonjia3Mbi MCMopanoH, iioaxoaaT k 
njia3MaTHHecKOH MCMSpane. B MecTax hx kohtektob n.iasMaTiiHecKaa MCMSpana h 
MCMSpana BEKyojiH cjniBaiOTca, h ny3bipeK onycTomaeTCn b OKpy'/Kaiouiyio cpeny. C 
noMombio 3K30u,HT03a nponcxoflHT npopecc peu,HKJiH3au,HH MCMopan, ynacTByiouinx 
B 3Hfl0U,HT03e. 

C 3K30U,HT030M CBH3EHO BblfleJieHIie CHHTe3HpOBEHHbIX B KJieTKe 

pa3HOo6pa3Hbix BemecTB. CeKperapyiomHe, Bbiflejunomne BemecTBa bo 
BHeuiHioio cpeay, kjictkh MoryT BbipaSaTbiBETb h Bbi6pacbiBaTb 

HH3KOMOJieKyjinpHbie coeaHiiemia (apeTHJixojiHH, Snoremibie emhhbi ii jrp. ), a 
TEKiKe b SojibiHHHCTBe cjiynaeB MaKpOMoneKyjibi (nermijibi, 6cjikh, 
jiMnonpoTCHEbi, nenTHflorjiHKaHbi h jip.). 3k30u,hto3 hjih ceKpepua b 
SoJIblHIIHCTBe CJiyHaeB lipOUCXOaHT B OTBeT Ha BHeiHHHH CHTHaJI (HepBHblH 
HMnyjibc, ropMOHbi, MeanaTopbi h up.). Xoth b paae cjiynaeB 3K30h,iito3 
npoHCxo^HT nocToaHHO (ceKpepua (})HoponeKTHna h KOJiJiareHa (|) h 6 p o 6 a ac t a m m ) . 
CxOflHBIM o6pa30M H3 U,HTOnJia3MBI paCTHTeJIBHBIX KJieTOK BblBOEETCH HCKOTOpbie 
nojiHcaxapHflbi (reMiiu,ejiniono3bi), yiacTByiOLiuie b o6pa30BaHHH kjictohhbix 
CTeHOK. 
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Eoubihhhctbo cexpeTHpyeMBix BemecTB HcnoaB3yeTca apyrnMM KJieTKaMH 
MHOrOKJieTOHHBIX OpraHH3MOB (ceKpeU,H5I MOJIOKa, nHmeBapHTeJIBHBIX COKOB, 
TOpMOHOB H flip.). Ho HaCTO KJieTKH CeKpeTHpyKDT BemeCTBa H pil% COSCTBeHHBIX 
Hy>Kfl. Tax HanpHMep pocT naa3MaTHaecxoH MeM6pam>i ocymecTBaaeTca 3a caeT 
BCTpaHBaHH^i ynacTKOB MeM6pam>i b cocTaBe 3X30h,hto3hbix Baxyoaeii, aacTB 
3JieMeHTOB rjiHKOKajiHKC a BBiaeaaeTCH xaeTxoii b Bnae ra n ko n poTe na i 1 bi x 
MOJ ieKyn 

Bbiaeaeinibie m xaerox nyreM 3X30H,HT03a rnapoaHTHHecxHe (j)epMeHTBi 
MoryT coponpoBaTBCH b caoe ranxoxaaHxca h ooecnemiBaTB npoMCMopannoe 
BHeKaeTOHHoe pacmenaeHHe pa3aHHHBix SnonoaHMepOB h opraHHaecxHx 
Moaexya. OrpOMHoe 3HaaeHHe npHMeMSpaHHoe HexaeTOHHoe nnmeBapeHHe 
HMeeT pirn jkhbothbix. Ebiho oonapy/xeno, hto b xhihchhom snHTeaHH 
MaexonHTaioiHHx b 30He Tax Ha3BiBaeMOH meTOHHOH xaeMXH BcacxiBaiomero 
3nnTeaHH, ocooenno ooraTOH raHxoxaaHxcoM, o6napy>xMBaeTCH orpOMHoe 
xoaHaecTBO pa3Hoo6pa3HBix (J)epMeHTOB. HacTB sthx ace (j)epMeiiTOB HMeeT 
naHxpeaTHnecxoe npoHexoacaeHHe (aMHaa3a, HHna3Bi, pa3HHHHBie npoTeHHa3Bi h 
ap.), a nacTB BBiaeaaeTca coSctbchho xaeTxaMH snHTenHa (3X3orH,npona3Bi, 
pacmenjnnomHe npeHMymecTBeHHO oanroMepBi h auMepBi c o6pa30BamieM 
TpaHcnopTHpyeMBix npoayxTOB). 

PeuenTopHaH pojib njia3MOJieMMbi 

Mbi yace BCTpeaaaHCB c stoh ocooennocTBio na a3 m aT m h e c ko h MCMopaiibi npn 
03HaxoMaeHHH c ee TpaHcnopTHBiMH (j)yiiKUHJiMH. EeaxH-nepeHOCHHXH h HacocBi 
aBaaKDTca xpOMe Bcero Taxace pepenropaMH, y3HaiomHMH h 
B 3aHMOfleHCTByiomHMH c onpeaeaeHHBiMH HOHaMH. PepenTOpHBie 6eaxn 
CBa3BiBaK)Tca c anranaaMH h ynacTByiOT b OTSope Moaexya, nocTynaiomux b 
xaeTXH. 

B xaaecTBe Taxnx pepenTOpOB Ha noBepxHOCTH xaeTXH MoryT BBiCTynaTB 
6eaxn MCMopanbi nan saeMeHTBi raHxoxaanxca - raHxonpoTeHflBi. Taxne 
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HyBCTBHTejiBHLie ynacTKii k OTpeaBHBiM BemecTBaM MoryT 6 bitb pa36pocaHBi no 
noBepxHOCTH KJieTKH hjih coSpaHBi b HeSojiBmne 30 hbi. 

Pa3HBie KJieTKH 5 khbothbix opraHH3MOB MoryT oSaapaTB pa3HMMH naoopaMii 
pepenTOpOB hjih ace pa3Hoii ayBCTBHTeaBHOCTBio ophoto h toto ace pepenTOpa. 

POJIB MHOTHX KJieTOHHBIX pCHCnTOpOB SBKSIOHaeTCa He TOJIBKO B CBH3BIBaHHH 
cnepHcjiHHecKHx BemecTB hjih chocoShocth pearnpOBaTB Ha (J)H3HnecKHe 
cfjaKTopbi, ho h b nepepaae MeacKaeTOHHBix ciimaaoB c noBepxHOCTH BHyTpB 
KJieTKH. B HacToaipee BpeMa xoporno royaeHa CHCTeMa nepepann CHTHana 
KJieTKaM C nOMOHIBIO HeKOTOpBIX TOpMOHOB, B COCTaB KOTOpBIX BXOpaT 
nenTH^HBie penoHKH. Bbijio HaiipeHO, hto tth ropMOHBi CBa3BiBaiOTca co 
cnepHcjiHHecKHMH pepenTOpaMH Ha noBepxHOCTH naa3MaTHHecKoii MeMSpaHBi 
KJieTKH. PepenTOpBi, nocjie c Basil c ropMOHOM aKTHBHpyiOT apyroii oeaoK, 
jieacaniHH yace b h h to mas m bt ii h e c ko ii HacTii n a a3 m bt ii h e c ko ii MCMopaiiBi, - 
aa e 1 1 ii a bt pines asy. 3tot (f)epMeiiT c HHTe 3Hpy eT MOJieicyjiy piiKaiiiecKoro AMO H3 
ATO. Pojib u,HKaHHecKoro AMO (pAMO) saKaiOHaeTca b tom, hto oh aBaaeTca 

BTOpHHHBIM MeCCeiiP'/KepOM - aKTHBaTOpOM (JlCpMCIITOB - KHHB3, BBI3BIBaiOiPHX 
MopHcjiHKapHH ppyrnx 6eaKOB-(|>epMeHTOB. TaK, npn peiiCTBHH Ha neneHOHHyio 
KaeTKy ropMOHa nopaceaypoaHoii aceae3Bi raiOKaroHa, b bi paSaT bi Bae m o ro A- 
KaeTKBMH octpobkob JlaHrepraHca, ropMOH CBa3BiBaeTca co cnepHcjamecKHM 
pepenTOpOM, hto CTHMyanpyeT bkthbbphio aa e i hti bt p h k.i as b i . 

CHHTe3HpOBBHHBIH pAMO BKTHBHpyeT npOTeHHKHHB3y A, KOTOpaa B CBOK) 
oaepeaB bkthb Hpy eT KacKaa (J)epMeHTOB, b koiichiiom caeTe pacuienaaiouinx 
raHKoreH (3anacHOH noaiicaxapna sciibotiibix) ao rai0K03Bi. ^eiiCTBiie iincyaHiia 
saKaionaeTca b oSpaTiiOM - oh CTHMyanpyeT BxoacpeHHe rai0K03Bi b ne L ieiio L iiiBie 
KaeTKH h OTsoscemie ee b BHpe raHKoreHa. 

B pejiOM penB coSbithh pa3BepTBiBaeTca caepyioipHM o6pa30M: ropMOH 
B3aHMopeiiCTByeT cnepH(f)HHecKH c pepeirropHoii aacTBio stoh chctcmbi h, He 
npoHHKaa BHyTpB ksctkii, BKTHBHpyeT aa e 1 1 h a bt p ii ks asy, KOTOpaa CHHTe3HpyeT 
pAMO, BKTHBHpyiOiPHH HaH HHTH6HpyiOiPHH B 1 1 y T p II KS 6TOH 1 1 BI II (jlCpMCIIT HaH 
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rpynny (j)epMeHTOB. TaKHM o6pa30M, umiaiiaa, curium ot na a3 m aT hh e c ko h 
MeMSpaHbi nepeaaeTca BHyTpb mienor 3(J)(j)eKTHBH0CTB stoh 
afleHHaaTu,HKaa3Hoii chctcmbi oaeHb BticoKa. Tau B3aHMoaeiiCTBHe o^hoh hjih 
HecKoaBKHx MoaeKyn ropMOHa MO>KeT npHBecTH 3a chct CHHTe3a MHoacecTBa 
MOJieKyn pAM<t> k ycHaeHHio CHraaaa b TbicaaH pa3. B aaHHOM cayaae 
aa e 1 1 h a aT h h k a a 3 1 1 a a CHCTeMa cayacHT npeo6pa30BaTeaeM bhciiihhx ciimaaoB. 

CymecTByeT h apyrofi nyTB, npn kotopom iicnoauayiOTca apyrne BTopumiuie 
Meccenaacepbi, - sto t.h. c|) o ccj) aT m a m a m i i o 3 m t oh b i i b i fi nyTb. rioa aencTBueM 
cooTBeTCTByiomero CHraaaa (HeKOTOpbie HepBHbie MeanaTOpbi h 6eaKH) 
aKTHBHpyeTca cjiepMeiiT (J)occj)oaHnH3a C, KOTOpaa pacmenaaeT (j)oc(J)oaHnHa 
(}) O C(j) aT H a H a H 1 1 0 3 H TOa a H (}) O C (j) aT, KOTOpblH BXOaHT B COCTaB n a a 3 M aT M H e C KO H 
MCMOpailbl. npOayKTbl THapOaH3a 3TOTO aunnaa, C OaHOfi CTOpOHbl, ak'THBHpyiOT 
npoTenHKHHa3y C, KOTOpaa Bbi3biBaeT aKTHBamno Kacuaaa KHHa3, hto npHBoaHT 
k onpeaeaeHHbiM uaeTOHiibiM peauunaM, a c apyrofi - npHBoarrr k 
ocBoSoacaeHHK) hohob Kaabuiia, KOTOpbifi peryaupyeT ueauiH paa uaeTOHiibix 
npopeccoB. 

apyrofi npHMep peuenTopiion auTHBiiocTii - pepeirropbi aueTnaxoaiiiia, 
BaacHoro HefipOMeanaTOpa. ApeTnaxoanH, ocBoSoacaaacb H3 HepBHoro 
OKOHaaHHa, CBa3biBaeTca c pepenTOpOM Ha MbimeaHOM BoaoKHe, Bbi3biBaeT 
HMnyabCHoe nocTynaeHHe Na + b uaeTuy (aenoaaproapHa MCMopaiibi), OTKpbiBaa 
cpa3y OKoao 2000 hohhbix KaHaaoB b 30He HepBHO-MbimeHHoro OKOHaaHHa. 

Pa3HOo6pa3He h cneu,H(j)HHHOCTb HaSopOB pepemppOB Ha noBepxHOCTH 
KaeTOK npHBoaHT K C03aaHHK) OHCIIB CaOaCHOfi CHCTeMbI MapKepOB, 
no3BoaaK)HiHx OTanaaTb cboh KaeTKH (toh ace oco6h nan toto ace BHaa) ot 
ayacHx. CxoaHbie KaeTKH BCTynaiOT apyr c apyroM bo B3aHMoaeficTBHa, 
npHBoaamne k cannaHHK) noBepxHOCTefi (KOHbiorapHa y npocTefiniHx h 
SaKTepHH, o6pa30BaHHe TKaHeBbix KaeTOHHbix KOMnaeKCOB). IIpH stom KaeTKH, 
OTHHHaioiHHeca HaSopOM aeTepMHHaHTHbix MapKepOB nan He BoenpHHHMaioipHe 
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HX, JIh6o HCXHIOHaiOTCa H3 TaKOrO B3aHMOfleHCTBJM, JIh6o y BBICmHX aCHBOTHbIX 
yHHHToacaiOTca b pe3yjiBTaTe h m m ynoaorn h e c k h x peaxiprii (cm. HHace). 

C njia3MaTHHecKoii MeMSpaHOH CB^oaHa aoxanroapHa cneu,Hcf)HHecxHx 
peuenTopoB, pearnpyiomiix Ha (j)M3MHecKiie (])axTOpbi. Tax, b n a a 3 m et m h e c ko h 
M eMSpaHe hjih y ee npoH3BoaHbix y (f)OTOCHHTeTHaecxHx SaxTepHH h 
CHHe3ejieHBix Boaopocaen aoxaaH30BaHbi SeaxH-pepenTOpbi (xaopo(J)Haabi), 
B3aHMOAeHCTByK)HIHMH C KBaHTaMH CBeTE. B naaBMETHHeCKOH MeMSpaHe 
CBeTOHyBCTBHTeabHbix KJieTOK acHBOTHbix pacnoaoaceHa cnepnaabHaa CHCTeMa 
(J)OTOpeu,enTOpHbix SeaxoB (poaoncHH), c noMOipbio KOTOpbix cbctoboh CHraaa 
npeBpaipaeTca b xhmhhcckhh, hto b cbokd oaepepb npHBopHT k reHepapHH 
aaexTpHaecxoro HMnyabca. 

MeacKaeTOHHoe Y3HaBaHHe 

y MHoroKaeTOHHbix opraHH3MOB 3a caeT MeacxaeTOHHbix B3aHMoaeHCTBHH 
oSpasyiOTca caoacHbie xaeTOHHbie ancaiviSaM, noaaepacanne KOTOpbix MoaceT 
ocyuiecTBaHTBCH paaHbiMH nyTaMH. B 3apopbimeBbix, 3M6pHOHaabHbix TxaHax, 
ocooenno Ha pamnix CTapnax paaBHTHH, KaeTKH ocTaiOTca b cbhsm apyr c apyroxi 
3a caeT chocoShocth hx noBepxHOCTeii cannaTbca. 3to cbohctbo apre3HH 
(coeaHHeHHa, cpenaeHHa) xaeTOx MoaceT onpeaeaaTbca cbohctbemh hx 
noBepxHOCTH, KOTOpbie cneHH(|)H L iecKH b 3 a h m oa e h CTBy iot apyr c apyroM. 
MexamoM sthx CBa3eH aocTaTOHHO xoporno royaeH, oh oSecneaHBaeTca 
B3aHMoaeiiCTBHeM Meacay ra 11 ko n p ot e h a a m m naa3MaTHaecxHx MCMopan. IIpH 
tekom m e ac k a e t o h n o m B3aHMoaeiiCTBHH xaeTOK Meacay n a a3 m et hh e cxh m h 
M eMSpaHEMH Bceraa ocTaeTca ipeab hihphhoh oxoao 20 hm, 3anoaHeHHaa 
raHKOKaaHKCOM. 06pa6oTKa tkehh cj)epivienTaiYiM, napyuiaiouinMH peaocTHOCTb 
raHKOKaaHKca (MyKa3bi, aeMCTByioupie rnapoaHTHHecKH Ha Mymnibi, 
m y ko n o a h ca x a p h a b 1 ) nan noBpeacaaiouine n a as m ethh e cxy i o MCMopany 
(npoTea3bi), npHBoaHT k o6oco6aeHHio xaeTOx apyr ot apyra, k hx 
anccou,Hau,HH. OaHaxo ecan yaaaHTb (jjaKTOp auccopHapHH, to xaeTXH MoryT 
CHOBa coOnpaTbca, pearpernpoBaTb. Tax MoacHO auccopHHpoBaTb xaeTXH 
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pa3HBix no OKpacKe ryooK, opan>KeBbix n acejiTBix. OKasanocB, hto b CMecn sthx 
KJ ieTOK odpasyiOTca nsa Tnna arperaTOB: cocToannie tojibko H3 acejiTBix h tojibko 
H 3 Opail/KeBBIX KJieTOK. npn 3TOM CMemaHHBie KJieTOHHBie CyCneH3HH 
caMOOpraHH3yK)TCn, BOCCTanaBJiiiBaa ncxonnyio MiioroKneTOHiiyio CTpyKTypy. 
Cxoniibie pe3yjiBTaTBi 6 bijih nojiyneHBi c cycneromiMH pa3neaeniiBix kjictok 
3m6phohob aMcjmSnn; b stom ejiynae nponexonnT roSnpaTejiBHoe 

npocTpaHCTBeHHoe o6oco6jieHne kjictok SKTonepMBi ot iiiTonepMBi n ot 
M e3eHXHMBi. Eojiee toto, ecjin ana pearperau,nn ncnojiBsyiOTca TKaHH nosnnnx 
CTajiHH pas but h a saponBimeii, to b npodnpKe eaMOCToaTejiBHO codnpaiOTca 
pa3JiHHHBie KJieTOHHBie aiicaiviojui, oojianaionnie TKaHeBoii n opraHHoii 
cnemicjaiiiiocTBio, odpasyiOTca snnTejinajiBHBie arperaTBi, cxonnBie c 
nonenHBiMH KaHajiBpaMH, ht./i. 

Ebijio iiaiineno, hto 3a arperanmo onnoponiiBix kjictok OTBeiaiOT 
TpaHCMeMSpaHHBie rjinKonpOTennBi. HenoepencTBemio 3a eoennHeHne, anre3mo, 
KJieTOK OTBenaiOT MOJieKyjiBi t.h. CAM-6cjikob (cell adhesion molecules). 
HeKOTOpBie ns hhx CBaibiBaiOT kjictkh flpyr c npyroxi 3a chct MeacMOJieKyjiapHBix 
B3 a ii m o n e h c t b h h , npyrae o6pa3yiOT cnen,najiBHBie m e>K kji ct oh 1 1 Bie coenmieniia 
HJIH KOHTaKTBI. 

BiaHMoneiiCTBiia Meacny anresiiBiibiMii SejiKaMH MO>KeT 6bitb roMO(J)HJibHbie, 
Korna cocenmie bjictkii CBasbiBaiOTca npyr c npyroM c noMoniBio onnoponiiBix 
MOJieicyji, reTepo(|)HJibHbie, Korna b anre3nn ynacTByiOT pa3Horo pona CAM Ha 
cocenmix KJieTKax. BcTpenaeTca m e >k k ji e t o h i i o e CBHSBiBainie nepes 

^onojiHHTejiBHBie jiHHKepHBie MOJieKyjiBi. 

CAM-6ejiKOB ObiBaeT hcckojibko KJiaccoB. 3to Kanrepiiiibi, ii m m y i i o di o 6y a h 1 1 o - 
nonooiiBie N-CAM (MOJieKyjiBi an re sum HepBHBix kjictok), eejieKTHHBi, 
HHTerpHHBI. 

KanrepHHbi npencTaBJiaiOT codon HHTerpajiBHBie (f)n6pHJiJiapHBie 

MeMdpaHHBie 6e;iKii, KOTOpBie o6pa3yiOT napajniejiBHBie roMonnMepBi. 

OTnejiBHBie noiweiiBi itiix dcjikob CBasaiibi e iioiiaiviii Ca 2+ , hto npnnaeT hm 
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onpefleneHHyK) acecTKOCTb. Ka^repHHOB HacnHTbiBaiOT 6onee 40 bh^ob. TaK E- 
Ka^repHH xapaicrepeH fljia kjictok npeHMnjiaHTHpOBamibix 3m6phohob h fljia 
3nnTejiHajiBHBix KJieTOK B3pocjiBix opraHH3MOB. P-Ka^repHH xapaKTepeH fljia 
KJieTOK Tpo(J)o6jiacTa, njiapeHTbi h snHflepMHca, N-Ka^repHH paenojiaraeTca Ha 
noBepxHOCTH HepBHtix KJieTOK, KJieTOK xpycTajiHKa, Ha cepaeniibix h CKejieTHtix 
MBimpax. 

MojieKyjibi a/jre3HH HepBHbix kjictok (N-CAM) npHHa^jieacaT k 
cynepeeMeiiCTBy n m m y n o hi o 6y a h n o b , ohh o6pa3yiOT c Bain Meac^y HepBHBiMH 
KJieTKaMH. HeKOTOpbie H3 N-CAM ynacTByiOT b coeflHHeHHH CHHaneoB, a TaKace 
npH a^re3HH KJieTOK HMMyHHOH CHCTeMBI. 

CejieKTHHbi TaKace HHTerpajibHbie SejiKH njia3MaTHnecKOH Meiviopanbi 
ynacTByiOT b aaresini inaoTeaHaabiibix kjictok, b CBasbiBannii KpoBaiibix 
nJiaCTHHOK, JieHKOU,HTOB. 

HHTerpHHbi npe^CTaBJiaiOT co6oii reTepo^HMepbi, can (3-u,emiMH. 
HHTerpHHbi b nepByio onepe^b ocymecTBJiaiOT CBasb kjictok c b hckjictohhbimh 
cyScTpaTaMH, ho MoryT ynacTBOBaTb h b aaresmi kjictok Apyr c npyroM. 

Y3HaBaHHe qyiKepojHbix 6 cjikob 

KaK yace yKa3biBajiocb, Ha nonaBHiHe b opraHH3M nyacepOflHbie 

MaKpOMOJieKyjibi (aHTHreHbi), pasBHBaeTca cao'/Kiiaa KOMnaeKxnaa peaKmia - 
HMMyHHaa peaKuna. CyTb ee saKjnoiaeTca b tom, hto nacTb jihm(J)ou,htob 
BbipaSaTbiBaeT cneu,HajibHbie 6cjikh - aHTHTejia, KOTOpbie cneu,H(jDH x iecKH 
CBH3biBaiOTca c aHTHreHaMH. TaK, HanpHMep, MaKpocjiani cbohmh 

noBepxHOCTHbiMH p e u e n t o p a m h y3HaiOT KOMnjieKCbi aHTHreH-aHTHTejio h 
noraomaiOT hx (HanpHMep, norjiomeHHe SaKTepHH npH (jiarou,HT03e). 

B opraHH3Me Bcex ho3bohohhbix, KpOMe toto, cymecTByeT CHCTeMa peu,enu,HH 
Hy/KCpOHIIblX KJieTOK HJIH >KC CBOHX, HO C H3MCHCHHBIMH OGJlKaMH 

njia3MaTHHecKoii MCMopaiibi, HanpHMep npii BHpycHbix ini(j)eKmiax hjih npn 
MyTamiax, nacTO CBasainibix e onyxojieBbiM nepepo/Kaemieivi kjictok. 
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Ha noBepxHOCTH Bcex kjictok ho3bohohhbix pacnoaaraiOTca SeaKH, t.h. 
rjiaBHoro KOMnjieKca rncTocoBMecTHMOCTH (major histocompatibility complex 
- MHC). 3to HHTerpanBHBie 6eaKH rjiHKonpOTeHHBi, reTepoaHMepbi. Oweiib 
Ba>KHO 3anOMHHTB, HTO Ka>KflBIH HHflHBHflyM HMeeT CBOH Ha6op TaKHX 663 KOB 
MHC. 3to CBaaano c TeM, hto ohii ohciib noaiiMopcjaibi, t.k. b KaacaoM 
RHTTHBH/TyMe HMceTCH Soabmoe hhcho aabTepnaabiibix (J)opM oanoro H Toro >Ke 
reHa (6onee 100), KpOMe Toro HMeeTca 7-8 aoxycoB, Koanpyioimix MoaeKyati 
MHC. 3to npHBOflHT k TOMy, hto Kaacaaa KaeTKa aannoro opraHH3Ma, nxiea 
na6op Ochkob MHC, 6yaeT otjihh aTB ca ot khctok MiiauBHayMa 3 toto ace Buna. 
CnepnaabHaa (jiopMa hhm(J)oi],htob, T-aHM(j)oii,HTbi, y3HaK)T MHC CBoero 
opraHH3Ma, ho Maaefinme H3MeHeHHa b CTpyxiype MHC (HanpHMep, CBa3b c 
BHpycoM, hjih pe3ynBTaT MyrapHH b OTaeabiibix KJieTKax), ripiiBoaiiT k TOMy, hto 
T- 3HM(|)OU,HTbI y3HaK)T TBKHe H3MeHHBmHeCa KaeTKH H HX yilHHTO'/KaiOT, HO He 
nyTeM (j)aron,HT03a. Ohii BbiaeaaiOT H3 cexpeTOpHtix BaKyoaeS cnemicjamecKHe 
6e3KH-nep(|)opinib[, KOTOpBie BCTpaHBaiOTca b h h t o n a a 3 m bt m h e ck y i o MexiOpany 
H3MeHeHHoii KaeTKH, o6pa3yiOT b Heii TpaHCMeMOpaHHbie KaHaati, aeaaa 
naa3MaTHHecKyio MeMOpaHy npOHiipaeMOH, hto h npHBoaHT k rnOean 
H3MeHeHHOH KaeTKH (pHC. 143, 144). 

CneuHaabHbie MeacKaeTOHHbie coeaimeHHH 

KpOMe TaKHX cpaBiniTeabiio npocTbix aareaiBiibix (ho cnemKjnmecKHx) 
CBa3eii (pHC. 145) cymecTByeT ueabiii paa cncmiaabiibix MeacKaeTOHHbix 
CTpyKTyp, KOHTaKTOB nail coeaHneiiHii, KOTOpBie BbinoaHaiOT onpeaeaemibie 
(JiyHKu,HH. 3to 3amipaioiime, 3aaKOpeBaiomHe h ko m m y n h kb h h o 1 1 n bi e 

coeaHHeHHa (pnc. 146). 

3aimpaioiii;ee nan naoTHoe coeaHHeHHe xapaKTepHO ana oaHOcaoimbix 
anKTeaneB. 3to 30Ha, rae BHemHue caon anyx naa3MBTHHecKHx MeM6paH 
MBKCHMaatHO c6aH/Kenbi. Macao BHaHa TpexcaoimocTb MCMOpaiibi b 3tom 
KOHTBKTe: ana BHemHiix 0CM0(j)H3bHbix caoa o6enx MeM6paH KaK 6bi caHBaiOTca 
b oaHH o6ihhh caoii Toamimoii 2-3 hm. CanaHHe MeM6paH nponcxoaHT He no 
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Been nnoma^H nnoTHoro KOHTaKTa, a npeacTaBaaeT co6oh pan Tonemibix 
cSnHaceHHH MeMSpaH (pnc. 147a, 148). 

Ha naocKOCTHBix npenapaTax pa3noMOB naa3MaTHHecKOH MeM6pam>i b 30He 
nnoTHoro KOHTaKTa c homo m bio MCToaa 3 a m o p a hc n b a 1 1 n a h CKaabi Banna 6bijio 
o6napy>Keno, hto tohkh conpnKOcnoBenna mom 6 pan npeacTaBaaiOT co6oh paabi 
rao6ya. 3to 6eaKH OKKJiyuHH h Kaayann, cnennaabiibie HHTerpajibHbie 6eaKH 
njia3MaTHnecKOH MCMopanbi, BCTpoeHHbie paaaMn. TaKHe paabi rao6yji hjth 
nojiocKH MoryT nepecekTiTbca TaK, hto o6pa3yiOT Ha noBepxHOCTH CKOJia KaK 6bi 
pemeTKy hjih ceTb. Onenb xapaKTepHa 3Ta CTpyKTypa ana amiTeaHeB, ocoSenno 
/KeaesncTbix h KHHieHHbix. B nocneaHeM caynae nnoTiibin KOHTaKT o6pa3yeT 
cnjiOHiHyio 30Hy cnnanna naa3MaTHnecKHx MexiSpan, onoacbiBaiouiyio KJieTKy b 
anHKajibHOH (BepxHeii, CMOTpameil b npocBeT KHHieHHHKa) ee nacTH (pnc. 148). 
TaKHM o6pa30M, Kaacaaa KJieTKa njiacTa KaK 6bi o6Beaena aeiiTon 3toto KOHTaKTa. 
TaKHe CTpyKTypbi npn cnennaabiibix OKpacKax mo'/Kiio BHaeTb h b cbctobom 
MHKpocKone. Ohh nojiyHHJiH y MopcfioaoroB Ha3BaHHe 3aMbiKaiomHX 
njiacTHHOK. OKa3anocb, hto b aannoM caynae ponb aaMbiKaiomero naoTHoro 
KOHTaKTa 3aKJHOHaeTCH He ToabKO b MexannnecKOM coeaHHemiii KaeTOK apyr c 
apyroM. 3Ta oSaacTb KOHTaKTa naoxo nponnnaeMa nna MaKpOMoaeKya h iiohob, 
h TeM caMbiM OHa sannpaeT, neperopaacHBaeT MeaacaeTOHHbie noaocTH, nsoanpya 
HX (h BMeCTe C HIIMH COSCTBeHHO BHyTpeHHIOK) Cpeay OpraHH3Ma) OT BHeHIHeH 
cpeati (b aannoM caynae - npocBeT KHHieHHHKa) . 

3to mo'/Kiio npoaeMOHCTpHpOBaTb, ncnoHbsya nneKTponnonnoTiibie 
KOHTpacTepbi, HanpHMep pacTBOp rnapooKHCH aaHTaHa. Ecan npocBeT 
KHHieHHHKa hhh npoTOKa KaKoii-HnSyab /Keaeibi HanoaHHTb pacTBOpOM 
rnapooKHCH aaHTaHa, to Ha cpe3ax noa naeKTpoinibiM MHKpocKonoM 30hbi, rae 
pacnoaaraeTca sto BemecTBO, oSaaaaiOT bbicokoh aaeKTpOHHOH naoTHOCTbio 11 
6yayT TeMHbiMii. OKa3aaocb, hto hh 30Ha naoTHoro KOHTaKTa, hh MeacicaeTOHHbie 
npocTpaHCTBa, aeacamne HHace ero, He tcmhciot. Ecan ace noBpeaHTb naoTHbie 
KOHTaKTbi (aerKoii (jiepMeiiTaTHBiiOH o6pa6oTKoii nan yaaaeHiieM hohob Ca ++ ), to 
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naHTaH npOHHKaeT h b MeacxaeTOHHbie yaacTXH. Toano TaK >xe 6biaa aoxaaana 
HenpoHiiu,aeMOCTB iijiothbix KOHTaKTOB aaa reMorao6nna h (J)eppnTHHa b 
xanaabuax noaex. 

TaKHM o6pa30M, naoTHbie KOHTaKTbi hbhihotch SapbepaMH He tohbko ana 
MaxpOMoaeKya, ho h nenpommaeivibi ana acnaxocTeil h iiohob. 

3aMbiKaK)Hi;HH, nan naoTHbiH, KOHTaKT BCTpeaaeTca Meacay bccmh TiinaMH 
oaiiocaoHiioro omrreaHH (sHaoTeaHH, Me30TeaHH, anenaHivia). 

3aHKopHBaioiiiHe nan cuenaniomiie coeaHHeHHH nan KOHTaKTbi Tax 
nasbiBaiOTca H3-3a Toro, hto ohii coeannaiOT He ToabKO naasMaTHHecKaie 
MeMSpaHbi coceaHHx xaeTOx, ho h CBa3biBaiOTca c (J)H6pHaaapHbiMH aaeivieHTaMH 
u hto c Kea 6T a (pnc. 149). ,ZI,Ha 3Toro poaa coeaHnemiii xapaxTepHbiM aBaaeTca 
Haanane asyx TiinoB SeaxoB. Oami H3 hhx - 3to TpanciYieiviopai m bie aHHxepHbie 
(cBa3yK)HiHe) 6eaxn, xoTOpbie ywacTByiOT nan b coSctbchho MeacxaeTOHHOM 
coeaHHeHHii nan b coeannenini naa3MoaeMMbi c xoMnoHeHTaMH BHexaeTOHHoro 
MaTpHxca (Sanaa bnaa MeiviSpana smrreaHeB, BHexaeTOHHbie CTpyxTypHbie 6eaxn 
coeaHHHTeabHoii TXaHH). 

BTOpoii - BHyTpHxaeTOHHbie 6eaxn, coeaHiiaiounie nan naaxopeBaiounie 3a 
MeNiSpamibie saeMeHTbi Taxoro xoHTaxTa h 1 1 t o n a an m aT hh e c xh e (JmSpHaabi 
PHToexeaeTa. 

K n aa ko p e b a i o hi h m coeaHnennaivi OTHoeaTca MeacxaeTOHHbie CHenaaiomiie 
TOHemibie xoHTaxTbi, CHenaaiounie aeHTbi, (J)oxaabHbie xoHTaxTbi nan SaarnxH 
cuenaenna - Bee 3th xoHTaxTbi CBanbiBaiOTca BHyTpH xaeTOx c axTHHOBbiMH 
MHxpo<J)HaaMeHTaMH. 

Jlpyraa rpynna aaaxopeBaioiHux MeacxaeTOHHbix coeaHiieniiH - aecMOCOMbi h 
noayaecMoeoMbi - CBa3biBaiOTca c apyrHMH aaeMeHTaMH u,HToexeaeTa, a hmchho 
c npoMeacyTOHHbiMH (JtHaaMeHTaMH. 

MeacxaeTOHHbie Tonemibie CHenaaiounie coeannemiH o6napy>xenbi y mho rax 
neanuTeaHaabiibix TxaHeii, ho 6oaee othcthubo omicaHa CTpyxTypa 
cneuHaabHbix (aare3MBHbix) aeHT b oaHoenoimbix amiTeanax (pnc. 150). 3to 
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CTpyKTypa onoacbiBaeT Beet nepHMeTp amiTeaHaabHOH kjictkh, 110306110 TOMy 
KaK 3to npoMCxoanT b caynae naoTHoro coeawieiiHa. Mame Bcero Taxon noacoK 
hjih neirra ae5KHT HH5Ke naoTHoro coe^HHeHMa (cm. pnc. 146). B stom MecTe 
njia3MaTHHecKHe MeMSpaiibi He cSaHaceHbi, a aa>Ke hcckojibko paiaBiniyTbi Ha 
paccToaHHe 25-30 hm, ii Meac3y hhmh BH^Ha 30Ha noBbimeHHOH hjiothocth. 3to 
HHHTO HHOe KaK MeCTa B 3 a M M 03C M C T B II H T p 3 1 1 C M e M 6 p a II II b I X rJIHKOnpOTeHflOB, 
KOTOpbie cneu,H(j3HHecKH cnenaaiOTca apyr c apyroM h o6ecne L niBaiOT 
MexaHHnecKoe coeaHHeHne MeMSpaH aByx coceamix rjictok. 3th HHHKepHbie 
SejiKH otiiochtch k E-KaarepimaM - SeaxaM, o 6e c n e L i h b a i o hi n m cnemi(|)H L iecKoe 
y3HaBaHHe KJieTKaMH oanopoaiiBix Meiviopaii. Pa3pymeHHe stoto caoa 
TJlHKOnpOTeHflOB npHBOflHT K 060C06jieHHK) OT^eJlbHblX KJieTOK H pa3pymeHHK) 
3nHTejiHanbHoro njiacTa. C mi to n a a3 m aT m i e c ko m ctopohm okojio MCMopaiibi 
bh^ho CKonjieHHe KaKoro-TO njiOTHoro BeuiecTBa, k KOTOpOMy npHMbiKaeT cnoii 
TOHKHX (6-7 hm) (J)HJiaMeHTOB, JIOKaUIHX BflOJlb n 3 a3 M aT M L I e C KO H MCMOpailbl B 
BH^e ny L iKa, iiaymero no BceMy nepHMeTpy khctkii . Tohkhc cjaiaaMeiiTbi 
OTHOCHTCH K aKTHHOBbIM (j)H6pHJIJiaM, OHH CBfllblBaiOTCa C 113 33M 3T H L I6 C KO H 
MeMSpaHOH nocpeacTBOM 6e3Ka KaTeHHHa, oopaiyiomero iihotiibih oko30 
MeMSpaHHblH C30H. 

<J)yHKH,HOHa3bHoe 3iiaHeime TaKoro aeiiTomioro coeawieiiHH aaKaiowaeTca Ha 
T03bK0 b m e x a 1 1 ii h e cko m cpenaeHHii K3eTOK apyr c 3 pyroM: npn coKpauieiiini 
aKTHHOBbIX (J)H3aMeHTOB B 3eHTe MO/KCT H3MeiIHTbCH (j)OpMa K3CTKH. C L IHTaeTCH, 
hto KOonepaTHBHoe coKpauieime aKTHHOBbix (JmSpnaa bo Bcex KaeTKax 
3nHTeaHaabHoro naacTa mo/KCt Bbi3BaTb n 3 m e 1 1 e 1 1 11 e ero reoMeTpHH, HanpHMep, 
CBOpanHBaHHe b TpySxy, 110306110 TOMy, hto nponcxoaHT npn o6pa30BaHHH 
HepBHOH TpySKH y 3M6pIIOHOB n03B0H0HHbIX. 

OoKaabHbie KOHTaKTbi H3H 63HUIKH cuenaeHHH BCTpenaiOTCH y mhothx 
KaeTOK h ocoSeHHO xoporno H3yneHbi y (jmSpoSaacTOB. Ohh nocTpoeHbi no 
oSmeMy naaHy co cpenaHiomHMH aeHTaMH, ho BbipaaceHbi b BHae HeSoabiHHx 
ynacTKOB - SaarneK Ha naa3MoaeMMe. B stom caynae TpaHCMeMSpaHHbie 
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jiHHKepHbie SejiKH-HHTerpuHM crieuHcjjHHecKH CBnibiBaiOTCH c SenKaMH 
BHeKJieTOHHoro MaTpHKca (HanpHMep c (J)h6pohckthhom) (pnc. 151). Co CTOpOHbi 
u,HTonna3Mbi 3 th >xe rjiHKonpOTeHflbi CBaaaiibi c npHMeMopaiiiibiMH SejiKaMH, 
Kyaa BXOflHT H BHHKyjIHH, KOTOpblH B CBOK) OHepeflb CBH3aiI C nyHKOM aKTHHOBbIX 
(J)HJiaMeHTOB. <l)yHKu,HOHajibHoe 3nawenne (jioKajibHbix KOHTaKTOB laKjnoHacTca 
Kax b 3aKpenjreHHii kjictkh Ha BncKHCTomibix CTpyxrypax, Tax h coaaannH 
MexaHH3Ma, no3BOJHHomero KJieTxaM nepeMemaTbca. 

/leciMOCOiMbi, CTpyKTypbi b BHae SjnmieK hjih KHonox TaK/Ke cocao iihiot 
KJieTKH flpyr c apyroM (pnc. 152, 153a). B m e > k k a e t o hi i o m npocTpaHCTBe 3aecb 
TaK/Ke BHaen moTiibiM cjioh, npeacTaBjieHHbiH B3 a m m oa e ii ct By i o lh n m m 

HHTerpajibHbiMH MCMSpamibiivni KaarepunaiviH - aecMoraennaMH, KOTOpbie 
cuenaaiOT kjictkh apyr c apyroivi. C u mto n a a3 m aT w wee ko h CTOpOHbi k 
nna3MoneMMe npoaoKHT cjioh 6ea xa- a e c m o n a a khh a, c KOTOpbiM CBasaiibi 
npoMe>KyTOHHbie (J)HJiaMeHTbi miTOCxeacTa. ^ccmocombi BCTpewaiOTCH name 
Bcero b amiTejinax, b 3tom cjiynae npoMe>KyTOHHbie (jDHJiaMeHTbi coaep>xaT 
KepaTHHbi. B cepaemiOM mbihjhc kjictkh, xapaHOMnomiTbi, coaep>xaT 
fleCMHHOBbie (jjHSpHJUIbl B COCTaBC fleCMOCOM. B 3HflOTeJTHH COCyHOB B COCTaB 
aCCMOCOM BXOaflT BHMeHTHHOBbie npOMOKyTOHHbie (J)HJiaMeHTbI. 

IIojiy/iecMocoMbi - b npHHH,Hne cxo^hbi no CTpoeHHio c aecMOCOMOii, ho 
npeflCTaBJiMKDT co6oh coeaHnemie kjictok c mokkjictohhbimh c T py KTyp bmh . Tax 
b amiTejinax JiHHKepHbie rauxonpoTCiiabi (HHTerpHHbi) aecMOCOMbi 
B3aHMOAeiiCTByK)T c SejiKaMH t.h. 6a3anbHOH MCMopaiibi, xyaa BxoaaT KOJiJiareH, 
JiaMHHHH, npOTeOTJTHKaHbl H ap. 

(J)yHKu,HOHajibHaa pojib aecMOCOM ii nojiyaecMOCOM cyry6o MexanHwecxan - 
ohh cuenaaiOT kjictkh apyr c apyroivi h c noane>xamHM bhckjictohhbim 
MaTpHKCOM npOHIIO, HTO I103B0HHCT 3nHTCJIHaJIbHbIM nJiaCTaM Bbiaep'/KHBaTb 
SojibHine m exanimecKHC Harpy3KH. rToao6no 3TOMy aecMOCOMbi nponno 
CBasbiBaiOT apyr c apyroivi kjictkh cepacHnori mbihjhbi, hto no3BOJiaeT hm 
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BbinojiroiTb orpoMHyK) MexaiiHHecKyio Harpy3Ky, ocTaBaacb CBajaiiiibiiviH b 
eflHHyio coKpauiaiomyiocH CTpyKTypy. 

B OTJiHHHe ot nnoTHoro KOHTaKTa Bee THnbi cuenjuiiOLinix KOHTaKTOB 
npommaeMbi hjhi bohhmx pacTBOpOB h He iirpaiOT HiiKaKoil pojiH b orpaiiimeiiini 
aHcj)cj)y3Hii. 

mejieBbie KOHTaKTbi cniTaiOTCH kom m y ii h kxi h h o n n bi m m coenmieiimiMM 
KJieTOK; 3 to CTpyKTypbi, KOTOpbie ynacTByiOT b n pa mom nepenane xhmhhcckhx 
BCL lieCTB H3 KJieTKH B KJieTKy, HTO MO'/KCT HrpaTb SoJIbHiyK) (}) H3H 03 O T M H 6 C Ky 10 
pOJlb He TOJlbKO npH (|) y II K H H O II H p O B a II H H CneU,HaJIH3HpOBaHHbIX KJieTOK, HO H 
oSecneHHBaTb MOKKJieTOHHbie B3aHM0fleiiCTBmi npn pa3BHTHH opraHH3Ma, npii 
a h cj) cj) e p e n u h p o b K e ero KJieTOK. XapaKTepHbiM ana stoto Tima KOHTaKTOB 
aBJiaeTca c6jiH5KeHHe njia3MaTHHecKHx MeMSpaH neyx cocenmix KJieTOK Ha 

paccToaHHe 2-3 hm (pnc. 1476, 1536). Hmchho sto o6cTOiiTejibCTBO nojiroe 
BpeMa He no3BOJiajio Ha yjibrpaTOHKHx cpe3ax otjihhhtb namibiH bhh KOHTaKTa ot 
njiOTHoro pa3flejiHTejibHoro (aaMbiKaiouiero) KOHTaKTa. npii Hcnojib30BaHHH 
THflpooKHCH naHTaHa 6 bijio 3aMe L ieno, hto HeKOTOpbie njioTHbie KOHTaKTbi 
nponycKaiOT KOHTpacTep. B stom cjiynae naHTaH 3anojnnui TOHKyio mejib 
miipiIHOH OKOJIO 3 HM MOK^y c6jIH>KeHHbIMH n .1 a3 M aT II H 6 C K H M M MeM6paHaMH 
cocenimx KJieTOK. 3 to h nocjiymuio noHBaemno TepMHHa - mejieBOM KOHTaKT. 
^ajibHenmnn nporpecc b pacmi«J)pOBKe ero CTpoemia 6 biji nocTHTHyr npii 
iicnojib30BaHHH MeTOjia 3 a m o p a >k h b a n ii a - ck a ji bi Ban hh . OKa3ajiocb, hto Ha CKOJiax 
MeM6paH 30 hbi mejieBbix KOHTaKTOB (pa3MepOB ot 0,5 ho 5 mkm) yceaiibi 
reKcaroHanbHO pacnojio>KeHHbiMH c nepHOflOM 8-10 hm nacTiipaMH 7-8 hm b 
HH aMeTpe, HMeiomiiMii b pempe KaHaji okojio 2 hm miipimoH. 3 th HacTHpbi 
nojiyHHJiH Ha3BaHHe kohhckcohob (pnc. 154). B 30Hax mejieBoro KOHTaKTa 
M05KCT 6bITb OT 10-20 HO HeCKOJIbKHX TblCHH KOHHeKCOHOB B 3aBIlCHMOCTH OT 
(J)yHKu,iioHajibHbix oeo6eHHOCTeii KJieTOK. KoHHeKCOHbi 6 bijih BbinejieHbi 
npenapaTHBHO, ohh coctoht H3 mecra cyObeflHHHii, KOHHeKTHHa - 6enKa c 
MOJieKyjwpHbiM BecoM okojio 30 Tbic. 06beflmnnicb Hpyr c HpyroM, KOHHeKTHHbi 
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o6pa3yic>T u,HJiHHflpHHecKHH arperaT - KOHHeKCOH, b ueiiTpe KOTOporo 
pacnonaraeTca KaHan. OxzjejibHbie KOHHeKCOHbi BCTpoeHbi b n a a3 m bthh e cicy i o 
MeMSpaHy TaK, hto npoSo^aiOT ee HacKB03b. O^HOMy KOHHeKCOHy Ha 
nJia3MaTHHeCKOH MCMOpane KJieTKH TO l IIIO npOTHBOCTOHT KOHHeKCOH Ha 
nna3MaTHHecKOH MCMOpane cocenneil khctkii TaK, hto KaHajibi flByx 
KOHHeKCOHOB o6pa3yK)T eflHHoe u,enoe. KOHHeKCOHbi HipaiOT pojib npuMbix 
MOKKJieTOHHBIX KaHaJIOB, no KOTOpbIM HOHbl H HH3KOMOJieKyjIMpHbie BCUieCTBa 
MoryT a h cfj(})y na h po bbt b h3 khctkii b KJieTKy. Ebijio o6napy>Keno, hto 
KOHHeKCOHbi MOTyT 3aKpbIBaTbCH, H3M6IHHI flHaMCTp BHyTpeHHero KaHaJia, H TeM 
ynacTBOBaTb b peryjinmni TpaHcnopTa MOJieicyji Me>Kfly KJieTKaMH. 

<J>yHKii,HOHajibHoe inaHenne mejieBbix KOHTaKTOB 6bijio noiiHTO npn H3yHeHHH 
rnraHTCKHx kjictok cjhohhbix >Kejie3 AByKpbiJibix. B TaKHe khctkii onaroaapH hx 
BejiHHHHe jierKO mo>kho bbohhtb m h k p o sji e kt p oh bi , r jm toto hto6bi HiynaTb 
3JieKTpOnpOBOflHMOCTb HX MCMOpail. OKa3aJIOCb, HTO eCJIH BBeCTH BJieKTpOflbl B 
flBe eoeeaiiHe khctkii, to hx nna3MaTHHecKHe MCMopaiibi npouBjnnoT HH3Koe 
3JieKTpHHecKoe eonpoTHBJieHHe, MOK^y KJieTKaMH H^eT tok. Eojiee toto, 
OKa3anocb, hto npn HHbeKii,HH b oniiy KJieTKy (|)jiyopecii,HpyiOHiero KpacHTejw 
MeTKa ObiCTpo oonapy>KHBaeTCH b cocenniix KJieTKax. Hcnojib3yji pa3Hbie 
(juiyopoxpOMbi, Ha KJieTKax KyjibTypbi tkbhh MJieKonHTaiOHiHx 6bijio oonapy>Keno, 
hto nepe3 mejieBbie KOHTaKTbi MoryT TpaHcnopTHpOBaTbca BemecTBa c 
MOJieKyjiHpHbiM BecoM He 6ojiee 1-1,5 tbic. h pa3MepOM He 6ojiee 1,5 hm (y 
HaceKOMbix nepe3 meneBoii kohtbkt MoryT npoxo^HTb BemecTBa c 
MOJieKyjiHpHbiM BecoM ^0 2 tbic.). Cpe/pi sthx BemecTB 6bijih pa3Hbie hohbi, 
aMHHOKHCJIOTbl, HyKJieOTHflbl, Caxapa, BHTaMHHbl, CTepOH Hbl, TOpMOHBI, H,AM<1). 
Hh 6ejiKH, hh HyKJieHHOBBie khcjiotbi nepe3 mejieBbie KOHTaKTbi npoxo^HTb He 
MoryT. 

Taxan cnocoSnocTb mejieBbix KOHTaKTOB cjiy>KHTb mcctom TpaHcnopTa 
HH3KOMOJieKyjIHpHbIX COeflHHeHHH HCnOJIB3yeTCH B Tex KJieTOHHbIX CHCTeMaX, rne 
HyjKHa 6biCTpan nepenana 3JieKTpHHecKoro HMnyjibca (bojihbi B036y/KHeniiH) ot 
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KJieTKH k KJieTKe 6e3 ynacTHa HepBHoro MeanaTOpa. TaK, Bee MbimeHHbie KaeTKH 
MHOKapaa cepaua CBUjaiibi c noMombio meaeBbix KOHTaKTOB (KpOMe Toro, kjictkh 
TaM CBH3aiibi h aare3HBHbiMH KOHTaKTaMH) (pHC. 1476). 3to C03^aeT yCJIOBHe aaa 
CHHxpOHHoro coKpauieiiHH orpoMHoro KoamiecTBa kjictok. IIpH pocTe Kyjibiypbi 
3M6pHOHajibHbix cepaemmix Mbiuiemibix kjictok ( m m o Ka pa h o hu t bi) HeKOTOpbie 
kjictkh b njiacTe naiHiiaiOT He3aBHCHMO apyr ot apyra cnoHTaHHO coKpamaTBca 
c pa3Hoii nacTOTOH, h jiHHib tojibko nocjie o6pa30BaHHa Meacay hhmh mejieBbix 
KOHTaKTOB OHH IiaHHIiaiOT ShTBCH CHHXpOHHO KaK CaHIIBIH C O K p a HI a 10 LH H H C H 
njiacT kjictok. TaKHM ace cnocoSoM oSecneHHBaeTca coBMecTHoe coKpameHHe 
ra aa ko m bi hj e hi i bi x KaeTOK b ctchkc mbtkh. 

IIleaeBbie KOHTaKTbi MoryT cayacma. ueaaM m e t a 6 o a m h e cko ii Koonepapini 
Meacay KaeTKaMH, o6MeniiBaacb pajaHHiibiMii MoaeKyaaMH, ropMOHaMH, u,AM0 
nan MeTaSoaHTaMH. IIpHMepOM stoto mo/KCt cayacHTb coBMecTHoe 
KyabTHBHpoBaHHe MyTaHTHbix no TiiMMaiin-KHnaie khctok c HOpMaabHbiMii: npn 
B03HHKH0BCHHH UieaeBblX KOHTaKTOB MOKay 3THMH TIinaMH KaeTOK, MyTaHTHbie 
KaeTKH L iepe3 meaeBbie KOHTaKTbi noayaaaH ot HOpMaabHbix KaeTOK THMuami- 
TpH(|)oc(J)aT h Moran yaacTBOBaTb b CHHTe3e /TETFC. 

y paHHHX 3M6pHOHOB n03B0H0HHbIX, HaHHHaa C 8-KaeTOHHOH CTaaHH 
6oabiHHHCTBO KaeTOK CBasano apyr c apyroxi meaeBbiMH KOHTaKTaMH. IIo Mepe 
an(})(|)epeHu,HpoBKH 3M6pHOHa meaeBbie KOHTaKTbi Meacay bccmh KaeTKaMH 
HCHe3aiOT h ocTaiOTca ToabKO Meacay rpynnaMH cneu,HaaH3HpyiomHxca KaeTOK. 
HanpHMep, npn o6pa30BaHiiii HepBHoii Tpy6KH cbhjb KaeTOK 3toh CTpyKTypbi c 
ocTaabHbiM 3nnaepMHC0M npepbmaeTca, pa3o6maeTca. 

U,eaocTHOCTb h (j)ymcHHomipoBanHe meaeBbix KOHTaKTOB cmmbiio 3aBHCHT ot 
ypoBiia hohob Ca 2+ BHyTpn KaeTKH. B HOpMe KOimeiiTpamia Kaabmia b 
u,HTonaa3Me ohciib Hii3Ka. Ecan Ca 2+ HiibeunpoBaTb b oaHy H3 KaeTOK naacTa 
Kyabiypbi TKaHeii, to b coceaHHx KaeTKax yBeaHHemia ypoBim Ca 2+ b 
u,HTonaa3Me He nponcxoaHT; KaeTKH KaK 6bi pa3o6maiOTca c coceaaMH, 
nepecTaiOT npOBoaHTb aaeKTpmiecKHH tok h KpacHTean. Bepea HeKOTOpoe 
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BpeMfl, nocne Toro KaK BBeaemibiM baa b pun 6yaeT aKKy Myjmp o b aH 
MHTOXOH^pHaMH, CTpyKTypa H (J)yHKU,IIH meJieBBIX KOHTaKTOB 
BOCCTaHaBJiHBaKDTca. TaKoe cbohctbo oneHb BaacHO ana noaaepacamia 
penocTHOCTH h paSoTbi Bcero caoa KJieTOK, Tax xax noBpeacaemie oanoii H3 hhx 
He nepeaaeTca Ha coceaHHH aepe3 ipeaeBbie KOHTaKTBi, KOTOpBie nepecTaioT 
paSoTaTB xax m e ac k a e t o w n b i e aH(jxjiy3Honnbie Kanaabi. 

CMHanTHHecKHH KOHTaKT (cHHancbi). 3tot THn KOHTaKTOB xapaKTepeH ana 
HepBHOH TKaHii h BCTpenaeTca xax Meacay aeyMa HeiipoHaMH, Tax h Meacay 
HenpOHOM h KaKHM-anSo hhbim aaeMeHTOM - pepenropOM nan 3(fxf)eKTopoM 
(HanpHMep, nepBiio-Mbiujewnoe OKOimaiiMe). Cmiancbi - yaacTKH KOHTaKTOB asyx 
KaeTOK, cneu,naaH3HpOBaHHbix ana oaHOCTOpomieH nepeaawH B036yacaeHHa nan 
TOpMoaceHHa ot oaHoro saeMeiiTa k apyroMy (pnc. 155). B npHHipme noaoSnoro 
poaa (JiyiiKpuonaabnaa Harpy3Ka, nepeaawa HMnyabca MoaceT ocyipecTBnaTbca h 
apyrHMH TiinaMH KOHTaKTOB (HanpHMep, ipeneBbiM KOHTaKTOM b cepaennoH 
MblHipe), OaHaKO B CIIHanTHHeCKOH CBa3H aOCTHTaeTCa BbICOKaa 3(|)(f)eKTHBHOCTb 
b peaaH3au,HH HepBHoro HMnyabca. CHHancbi oopaayiOTca Ha OTpocTKax 
HepBHbix KaeTOK - bto TepMHHaabHbie ynacTKH aeHapHTOB h aKCOHOB. 
MeacHenpoHHbie CHHancbi oObihho hmciot rpymeBHaHbix pacnnipeHHH, SnameK 
Ha KOHpe OTpocTKa HepBHOH KaeTKH. TaKoe TepMHHaabHoe pacmupeHne 
OTpOCTKa OaHOH H3 HepBHbIX KaeTOK MO'/KCT KOHTaKTHpOBaTb H 06pa30BbIBaTb 
CHHanTHHeexyK) cbh3b xax c TeaoM apyroii HepBHOH KaeTKH, Tax h c ee 
OTpO CTKaMH . n e p H (|) e p H H e C K H e OTpOCTKH HepBHbix KaeTOK (aKCOHbl) o6pa3yiOT 
cnepHcjaraecKHe KOHTaxrbi c KaeTKaMH-3(J)(J)eKTOpaMH nan xneTKaMH- 
pepenTOpaMH. CaeaoBaTeabHO, ciiHanc - 3to CTpyxrypa, o6pa3yioipaaca Meacay 
yaacTKaMH aByx khctok (Tax ace xax h aecMOCOMa). MeM6paiibi 3thx xneTOK 
pa3aeaeHbi MeacxaeTOHHbiM npocTpaHCTBOM - cinianTH L iecKOH ipeabio unipiniOM 
OKoao 20-30 hm. HacTO b npocBeTe 3toh ipean BHaeH TOHKOBoaoKHHCTbiH, 
nepneHaHKyaapHO pacnoaoaceHHbiH no OTHomeHHio k MeMOpamM MaTepnaa. 
MeMopana b oOaacTH cunanTH wee koto KOHTaKTa oaHoii KaeTKH Ha3biBaeTca 
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npecuHanTHHecKOH, apyron, BOcnpmiHMaiOHieH HMnyjibc, - nocTCHHanraHecKOH. 
B aneKTpOHHOM MHKpocKone o6e MCMSpanbi BbiraaaaT njiorabiMH, TOJiCTbiMH. 
Okojio npecmiariTHHecKOH MCMopaiibi BbiHBJiacTCH orpOMHoe kojihhcctbo mcjikhx 
BaKyoneii, cun anT h h ec kh x ny3bipbKOB, 3anonHeHHbix MeanaTOpaMH. 

CHHanTHHecKtie ny3bipbKii b momciit npoxo'/Kaenna HepBHoro HMnyjibca 
BbiSpacbiBaiOT CBoe coaepmiMoe b CHHanranecKyio mejib. nocTCHHanraHecKan 
MCMopana Macao BbirjiaanT TOJime oobihiibix Meiviopan H3-3a CKonaenna okojio 
Hee co CTOpOHbi u,iiTonjia3Mbi MiiO/KCCTBa tohkhx (J)h6phjiji. 

njia3MoaecMbi. 3tot ran mokkjictohhbix cbhbcm BCTpenaeTCii y pacTemin. 
Ilna3MoaecMbi npeacTaBJunoT co6on tohkhc TpySwaraie n h to n a a3 m aT h h e c k h e 
KaHajibi, cocao nmoLinie aBC coceanne kjictkh. ,H,MaMeTp arax KaHanoB oSbihiio 
cocTaBJiaeT 20-40 hm. OrpaHHHHBaiOHiaii sra KaHajibi MeM6paHa 
nenocpeacTBeiino nepexoaoT b njia3MaranecKne MCMopaiibi coceacTByiomox 
KJieTOK. IIjia3MoaecMbi npoxoaaT ckbo3b KaeTomiyio CTeHKy, paaaeaaiouiyio 
KJieTKH (pnc. 156, 157). TaKHM o6pa30M, y HeKOTOpbix pacraTejibHbix kjictok 
nna3MoaecMbi coeammoT rnajionjia3My coceanox kjictok, noiTOMy (jiopMajibHO 
3aecb hct nojraoro pa3rpaHHneHna, OTaeneHHa Tejia oaHon kjictkh ot apyroii, 
3to CKopee npeacTaBJiaeT co6oii chhiihthh: oObeaHneinie mhothx khctohiibix 
TeppHTOpHH c noMonibio n ii to n a as m arane ckhx mocthkob. BHyTpb njia3MoaecM 
MoryT npOHHKaTb MCMOpamibie TpySnaTbie 3JieMeHTbi, coeanronoLmie iincTepHbi 
3Haonjia3MaranecKoro peraKyjiyMa coceaHnx kjictok. OSpaayiOTca njia3MoaecMbi 
bo BpeMn aeaeniia kjictkh, Koraa CTpOHTca nepBimnaa KacTomiaa oSojionKa (cm. 
HH>Ke). y TOJIbKO WTO pa3aCJIHBHIHXCH KJICTOK HHCJIO nJia3MOaeCM MO'/KCT 6bITb 
oneHb BejiHKO (ao 1000 Ha KJieray), npii CTapeHira kjictok iix hhcjio naaaeT 3a 
CHCT pa3pbIBOB npH yBCaHHCinni TOJIIHIIHbl KJieTOHHOH ctchkh. 

<J)yHKH,HOHanbHaa pojib njia3MoaecM oneHb BejiHKa: c hx noMonibio 

oOecnemiBacTCH MC/KKacTomiaa mipKya nuiia pacTBOpOB, coaep'/KauiHx 
nuTaTejibHbie BemecTBa, hohbi ii apyrne coeaHiieinHi. IIo njia3MoaecMaM MoryT 
nepeMCLiiaTbCH jinnHaHhie Kanjin Bepe3 njia3MoaecMbi nponcxoaHT 3apa>KeHHe 
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KJieTOK paCTHTeJIBHBIMH BHpyCaMH. O^HaKO 3KCnepHMeHTBI n()Ka3bIBaiOT, HTO 
CBoSoflHBiii TpaHcnopT nepei njia3MO,a,ecMBi o rpan h h h bbct ch Mac Tima mm c 
Maccofi He 6onee 800 ^ajiBTOH. 

KjieTOHHan cTeHKa (oSojioHKa) pacTeHHH 

EcJIH BBIfleJIHTB JIK)6yK) KJieTKy H3 OpraHH3Ma 5KHBOTHOTO H nOMeCTHTB ee B 
Boay, to nepei KOpOTKoe BpeMH KJieTKa nocne naOyxaiiHa jionHeT, jironpyeTOi. 
3to npOHexoflHT H3-3a toto, hto nepe3 nna3MaTHHecKyK) MCMopany Bona oyreT 
nocTynaTB b u,HTonjia3My, b 30Hy c 6onee bbicokoh KOHu,eHTpau,Heii cojieii h 
opraHHnecKHx MOJieKyn. IIpH ttom OyreT yBejiHHHBaTBcr BHyTpeHHHH o6bcm 
KJieTKH r o Tex nop, noica He pa30pBeTcr njiarMaTHHecKaii MeM6paHa. B cocTaBe 
opraHH3Ma >khbotiibix ttoto He npoHCxo^HT, noTOMy hto kjictkh hh3hihx h 
BBICHIHX 5KHBOTHBIX CyLHCCTByiOT B OKpy5KeHHH >KHflKOCTeH BHyTpeHHeH CpeflBI, 
KOHu,eHTpau,Ha cojieii h BemecTB b KOTOpoii Ojiroica k TaKOBOH b n,HTonjia3Me. 
CBoSo/iHOHCHByniHe b npecHoii Bore orHOKJieTOHHBie npocTenniHe opraHH3MBi He 
JlH3HpyK)TCH (npH OTCyTCTBHH KJieTOHHOH CTeilKM) H3-3a TOTO, HTO y HHX 
nOCTOHHHO paOOTaeT KJieTOHHBIH Hacoc, OTKaHHBaiOLHMH BOHy H3 U,HTOnJia3MBI, - 
coKpaTHTejiBHan BaxyojiB. 

EcJIH >xe MBI B BOfly nOMeCTHM KJieTKH SaKTepHH HUH pacTeHHH, TO OHH He 
6ynyr jiH3HpOBaTBCn ro Tex nop, noica Hera hx KreTomiar CTeHKa. BosneHCTBueivi 
naOopa pa3JiHHHBix (j)epMeiiTOB tth ctciikh mo>kho pacTBOpHTB. B ttom cjiynae 
MOMeHTajiBHO npoHCxo^HT HaSyxaHHe h pa3pBiB, jih3hc, KJieTOK. CjieflOBaTejiBHO, 
b ecTecTBeHHBix ycjiOBHHx KJieTOHHaa CTeHKa nperoTBpamaeT ttot rnoerBiiBiM 
fljia KJieTKH npouecc. Eojiee toto, HajiHHHe khctohiibix ctciiok hbjihctch o/jhhm 
H3 raaBHBix (})aKTopoB, peryjiHpyioiHHx nocTynjieHHe bohbi b KJieTKy. Khctkii 
SaKTepHH h pacTeHHH oOnTaiOT name Bcero b THnoTOHHHecKoii bo^hoh cpere, 

OHH He HMeiOT COKpaTHTeJIBHBIX (BBIfleJIHTCJIBHBIx) BaiCyOJieH, HTOObl OTKanaTB 
Bory, ho 3aTO npomiar KreTomiar CTeHKa nperoxpamieT hx ot Hpe3BBiHainioro 
HaSyxaHHH. IIo Mepe nocTynrenmi bohbi b khctkc B03HHKaeT BHyTpeHHee 
naBremie, Typrop, KOTOpoe npemrrcTByeT rajiBHenmeMy nocTynjieHHio bohbi. 
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HHTepecHO, hto y mhothx hibhihx pacTemiH, HanpHMep y 3eaeHbix 
Boaopocnen, KJieTKH hmciot xopomo c(J)opMHpoBaHHyio KaeToanyio oSoaoiKy, ho 
npn nonoBOM pa3MHoaceHHH, Koraa oopasyiOTca noaBM ambie 300cnopt.i, 
nocaeanne TepaiOT KaeTomiyio oSoaoaicy h y hhx noaBaaiOTca nyabCMpyiomiie 
BaxyoaH. 

KaeTOwnaa CTeiiKa pacTeHHH (JiopMHpyeTca npn yaacTHH n a as m aT m h e c ko h 
MCMopanbi h aBaaeTca oxcTpaxaeToa 1 1 bi m (BiieKaeTomibiM) MHorocaoimbiM 
o6pa30BaHHeM, launiHiaiOLiniM noBepxHOCTb xaeTXH, cayacamHM xax 6bi 
napy/KiibiM cxeaeTOM pacTHTeabHOH xaeTXH (pnc. 158). KaeToanaa caeiiKa 
pacTeHHH coctoht H3 aeyx KOMnoneiiTOB: aMOpcJmoro naacTHHHoro 

reaeo6pa3Horo MaTpaxca (ochobbi) c bbicoxhm coaepacamieM Boabi h onopHoii 
(J)H6pHaaapHoii CHCTeMbi. HacTO ana npHaaHHa cbohctb /KCCtkocth, 
HecMaaHBaeMOCTH h ap- b cocTaB oSoaoaex BxoaaT aonoaHHTeabHbie 
noaHMepHbie BemecTBa h coaii. 

B xHMHaecKOM OTHomeHHH raaBHbie KOMnoHeHTbi oSoaoaex pacTeHHH 
OTHOcaTca k CTpy KTypn bi m noancaxapHaaM. 

B cocTaB MaTpaxca oSoaoaex pacTenun BxoaaT reTeporeHHbie rpynnbi 
noancaxapHaoB, pacTBOparomneca b KOimenTpopoBainibix meaoaax, 
reMHu,eaaioao3bi h nexTHHOBbie BemecTBa. reMHH,eaaioao3bi npeacTaBaaiOT 
co6oh BeTBamiieca noaHMepHbie uenii, cocToamne H3 paiana iibix rexco3 
(rai0K03a, MaHH03a, ranaKT03a h ap-)’ neHT03 (KCHao3a, apa6imo3a) h ypOHOBbix 
KHcaoT (raioxypOHOBaa h raaaKTypOHOBaa KHcaoTbi). 3th KOMnoHeHTbi 
reMHu,eaaioao3 coweTaiOTca Meacay co6oh b pa3Hbix KoanaecTBeinibix 
otho uieHHax h o6pa3yiOT pa3HOo6pa3Hbie KOMSunamiM. U,emi reMHu,eaaioao3Hbix 
Moaexya He KpHCTaaaH3yiOTca h He o6pa3yiOT aaeMeiiTapiibix (jinSpHaa. H3-3a 
Haanana noaapHbix rpynn ypOHOBbix khchot ohh chhbho mapaTHpOBaHM. 

rieKTHHOBbie BemecTBa - reTeporeHHaa rpynna, b KOTOpyio BxoaaT 
pa3BeTBaeHHbie cnabHO mapaTHpOBaHHbie noaHMepbi, necymne OTpHpaTeabHbie 
3apaabi H3-3a MHoacecTBa ocTaTKOB raaaxiypOHOBOH KHcaoTbi. Baaroaapa 


263 


CBOHCTBaM CBOHX KOMIlOHeHTOB MaTpHKC npe^CTaBJiaeT COSOH MarKyK) 
njiacTHHecKyro Maccy, yKpenneHHyK) (jiHSpHHaaMH. 

BonOKHHCTBie KOMnOHeHTBI KJieTOHHBIX oSoJIOHeK paCTeHHH COCTOHT 00 bl HI 10 
H3 u,ejuiK)Ji03bi, jiHHeiiHoro, neBeTBameroca nonHMepa mK)K03bi. Moae Kyra pn bni 
Bee n,ejiJiK)Ji03bi BapbHpyeT ot 5 x 10 4 30 5 x 1 0 5 , hto eooTBeTCTByeT 300-3000 
ocTaTKaM rjiK)K03bi. TaKHe jiHHeHHbie MoneKyjibi u,ennK)no3bi MoryT coeamniTbCH 
B nyHKH H3H BOHOKHa. B KJieTOHHOH 000303 K6 13.633103033 06pa3yeT (f)M0pM33bI, 
KOTOpbie C0CT03T H3 Cy 6 M H K pO C KO n H H e C K H X MHKpO(j)H6pH33 TOHHJHHOH 30 25 
HM, KOTOpbie B CBOK) OHCpeab COCTOHT H3 MIIO'/KeCTBa napaaaeHbHO 3e>KaiIIHX 
pencil MoaeKya i],ea3K)303bi. 

Ko3H L iecTBeinib[e cooTHomemia n,e33K)303bi k BemecTBaM MaTpHKca 
(reMHu,e33i0303bi) MoryT Sbitb BecbMa pa33HHHbiMH y pa3Hbix oSbeKTOB. CBbirne 
60% cyxoro Beca nepBHHHbix oSoaoneK cocTaBaaeT hx MaTpHKC h oxoao 30% 
npHX03HTC3 Ha cxeaeTHoe BemecTBO - H,eaaioao3y. B cbipbix KaeTOHHbix 
oOoaoHKax noHTii bch B 03 a CBJiaana c reMiipeaaioaosaMH, noaTOMy Bee 
ochobhoto BemecTBa b HaOyxmeM cocto3hhh pocTHraeT 80% Cbiporo Beca Been 
0603 ohkh, Torpa KaK co 3 epacaHHe bo30khhctbix BemecTB CB 03 HTC 3 Bcero k 12%. 
B caynae ace 3 pyroro npHMepa, BoaocKii xaonnaTHHKa, u,eaaioao3HbiH 
KOMnoHeHT cocTaBaaeT 90%; b ppeBecmie H,eaaioao3a cocTaBaaeT 50% ot 

KOMnOHeHTOB KaeTOHHOH CTeHKIi. 

KpOMe U,e33K)303bI, reMIIU,e33K)303bI H neKTHHOB B COCTaB KaeTOHIIblX 
o 6 oao L ieK BX033T ponoaHHTeabHbie KOMnoHeHTbi, npMaaiomne hm ocoObie 
CBoiiCTBa. Tax, HHKpycTapHa (BKaiOHeHHe BHyTpb) oSoaoaeK 3hthhhom 
(noaHMep KOHinjiepHaoBoro cnnpTa) npHB 03 HT k 03 peBecHeHHio KaeTOHHbix 
CTeHOK, noBbimeHHK) hx npoHHOCTH (pHC. 159). JIhthhh 3aMemaeT b tbkhx 
oSoaoHKax naacTHaecKHe BemecTBa MaTpHKca h nrpaeT poab ochobhoto 
BemecTBa, oSaaAaiomero bmcokoh npoaHOCTbio. HacTO MaTpHKC SbiBaeT 
yKpenaeH MHHepaabHbiMH BemecTBaMH (Si02, CaC 03 h pp.). 
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Ha noBepxnocTHx KaeTonnon oSohohkh MoryT CKananBarbca paaanmibie 
aa Kpy ct h py io lh lie BemecTBa, HanpHMep KyTHii n cyOepnn, npiiBoaamne k 
onpoSKOBeHHK) KJieTOK. B KJieTKax annaepMnca Ha noBepxHOCTH KaeTOHHbix 
oSoaoneK OTKJia^biBaeTca bock, KOTOpbin o6pa3yeT Boao n e n po n n uaeM bi n cjioh, 
npenaTCTByromini noTepe kjictkoh bo^bi. 

H3-3a CBoero nopHCToro, pbixnoro CTpoeHna KaeTOHHaa CTeHKa pacTeHnn 
npoHHpaeMa b 3HannTeabH0H CTeneHH ana HH3KOMoaeKyaapHbix coeanHeHnn, 
TaKHx KaK Boaa, caxapa h hohbi. Ho MaKpOMOJieKyjibi npoinncaiOT L iepe3 
u,ejiJH0Ji03Hbie oSojiohkh naoxo: BeanHnna nop b oSoaonKax, no3Boaaiomaa 
CBoSo^Hyio ^H(|)(J)y3HK) BemecTB cocTaBaaeT Bcero jiuhib 3-5 hm. 

OnbiTbi c MeneHbiMii coeanHeHnaMH noKa3aan, hto npn pocTe KaeTOHHon 
oSonoHKH Bbi^ejieHHe BeinecTB, H3 KOTOpbix OHa CTponTca, nponcxoanT no Been 
noBepxHOCTH KJieTKH. AMOp(J)Hbie BemecTBa MaTpHKca, reMnn,enjnono3bi n 
neKTHHbi CHHTe3npyK)Tca b Baxyoaax annapaTa IoabaacH n BbiaeaaiOTca nepe3 
njia3M0JieMMy nyTeM 3K3on,HT03a. <J>ii6pnaabi n,eaaioao3bi cnnTeinpyiOTca 
cnepnanbHbiMn <J)epMeHTaMH, BCTpoeHHbiMn b nna3M0JieMMy. 

OSononKH ^H(|)(|)epeHu,HpOBaHHbix, 3peabix, kjictok o6bihho MHorocaonHbie, b 
cnoax (J)n6pnjuibi n,eaaioao3bi opneHTnpOBaHbi no-pa3HOMy, n KOJinnecTBO nx 
Taxace MoaceT 3HannTeabH0 KoaeSaTbca. 06 bi hi 10 onncbiBaiOT nepBumibie, 
BTOpnnHbie n TpeTnnHbie KJieTonHbie oSojiohkh (pnc. 158). /la a Toro hto6bi 
pa3o6paTbca b CTpoeHnn n noaBaennn 3thx oSoaoneK, neoSxoanMO 
no3HaKOMHTbca c TeM, KaK ace B03HHKaK)T, oSpaayiOTca KaeTomibie oSoaonKH 
nocae aeaeHna KaeTOK. 

npn aeaemni KaeTOK pacTeHnn nocae pacxoacaenna xpomocom b 
SKBaTOpnaabHon naocKOCTH KaeTOK noaBaaeTca CKonaemie MeaKnx MCMSpaniibix 
ny3bipbK0B, KOTOpwe b neiiTpaabiiOH nacTii KaeTOK nawnnaiOT canBaTbca apyr c 
apyroxi (pnc. 160). 3tot nponecc ca Hanna MeaKnx Baxyoaen nponcxoanT ot 
nenTpa KaeTKH k nepncjDepnn n npoaoaacaeTca ao Tex nop, noxa MeMopamibie 
ny3bipbKn He coabiOTca Meacay co6on n c naa3MaTnnecKon MeMOpaHon Sokoboh 
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noBepxHOCTH KJieTKH. Tax o6pa3yeTca KJieTOHHan ruiacTiiHKa nan 
(JjparMonjiacT. B peHTpaabHOH nacTH ee pacnoaaraeTca aMOpcjmoe BemecTBO 
MaTpHKca, KOTOpoe nanoanaao canBaiomneca ny3bipbxn. ^.OKasano, hto 3th 
nepBHmibie BaKyonH nponcxonaT ot MCMopan annapaTa Toab,nacH. B cocTaB 
nepBHHHOH KJieTOHHOH CTeHXH BXOflHT Taxace HeSoablHOe KOJIHHeCTBO 6 eaxa 
(okojio 10%), ooraToro r h a p o xc h n p oa n 1 1 o m . HMeioinero miio/KCCtbo kopotkhx 
ojiHrocaxapHflHBix ueneil, hto onpeaeaaeT stot 6 eaox xax ranxonpOTena. IIo 
nepH(J)epHH xaeTOHHOH naacTHHxn npn HaSaioaeHHH ee b noaaprooBaHHOM CBeTe 
oSHapyacHBaeTca 3aMeTHoe aBoinioe aynenpeaoMaeHne, Bbi3BaHHoe TeM, hto b 
3tom MecTe pacnoaaraiOTca opHeHTHpOBaHHbie (JmSpnaabi neaaioaoabi. TaxHM 
o6pa30M, pacTymaa nepBimnaa xaeTOHHaa CTeHKa coctoht yace H3 Tpex caoeB: 
ueiiTpaabiibiH - cpeaunnaa naacTHHxa, cocToamaa Toabxo H3 aMOp(J)Horo 
MaTpHKca, n HBa nepH(j)epHHecKHx - nepBHHHaa o 6 oaonxa, coaepacamaa 
reMHu,eaaioao3y h neaaioaoaiibie (JmSpnaabi. Ecan cpeaminaa naacTHHxa - sto 
npoayKT aKTHBHO cth eme ncxoanoM xaeTxn, to nepBHHHaa oSoaoHxa o6pa3yeTca 
3a chct Bbiaeaemia reMHH,enaiono3bi h (JmSpnaa u,eaaioao3bi yace HByivia hobbimh 
KaeTOHHbiMH TeaaMH. H Bee aaabHeHmee yBeanHeHHe ToamuHbi xaeTOHHOH 
(BepHee, MeacxaeTOHHon) CTeiiKH oyaeT nponcxoanTb 3a chct aKTHBHO cth asyx 
aoHepiiHx xaeTOK, KOTOpwe c npoTHBonoaoacHbix ctopoh 6 yayr BbiaeaaTb 
BemecTBa xaeTOHHOH oSohohxh, yroamaioiHeHca nyTeM noacaanBaHHa Bee 
hobbix h hobmx naacTOB. Tax ace xax h c caMoro Hanaaa, BbiaeaeHHe BemecTB 
MaTpHxca npoMCxonuT 3a chct noaxoaa x nna3MaTHHecxon MCMopane ny3bipbxoB 
annapaTa roabaacn, ca nanna hx c MeMopanoil n BbiCBOOoacaenna nx 
coflepacHMoro 3a npeaeabi u,nTonaa3Mbi. 3aecb ace BHe xaeTxn Ha ee 
naa3MaTHHecxoii MCMopane hhct cnHTe3 n noaHMepH3au,na u,eaaioao3Hbix 
(jDHSpnaa. Tax nocTeneHHO oopaayeTca BTopumiaa xaeTOHHaa oSoaonxa. C 
^OCTaTOHHOH TOHHOCTbK) OnpeaeailTb H CyMeTb OTaHHHTb nepBHHHyK) oSoaoHxy 
OT BTOpHHHOH TpyZJHO, Tax XaX OHH COeflHHeHbl Meac^y C 060 H HeCXOabXHMH 
npoMeacyroHHbiMH caoaMH. 
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OcHOBHyK) Maccy 3aKOHHHBHieii CBoe (jiopMHpOBaHHe KJieTOHHOH ctchkh 
cocTaBJiaeT BTOpHHHaa oSojiOHKa. Om npnnaeT KJieTKe ee OKonnaTejibnyio 
(jiopMy Ilocjie pa3fleneHHa kjictkh Ha nee nonepHHx npoHCxo^HT pocT hobbix 
KJieTOK, yBejiHneHHe hx oSbeMa h H3MeHeHHe (jiopMBi; kjictkh nacTO 
BBITHTHBaiOTCfl B flJIHHy. OflHOBpeMeHHO C 3THM M/ICT IiapaUHlBailHe TOJT TTT HHBT 
KJieTOHHOH oSojiohkh h nepecTpoiiKa ee BnyrpenneH CTpyKTypBi. 

npH o6pa30BaHHH nepBHHHoii KJieTOHHOH oSojiohkh b ee cocTaBe eme Mano 
u,ejuiK)Ji03Hbix (jiHSpHJiJi, h ohh paenojiaraiOTCii 6onee hjih MeHee 
nepneHflHKyjiMpHO oyayuien nponojiBHofi och kjictkh , no35Ke b riepnon 
pacT^>KeHHa (yzuiMneniin kjictkh 3a chct pocTa BaicyojieH b u,HTonjia3Me) 
opHeHTapna 3thx nonepeHHO-HanpaBJieHHbix (J)h6phjiji noflBepraeTCn naccHBHbiM 
H3MeHeHHHM: (j)HopHJuibi HanHHaiOT pasMeuiaTbCH no/i npaivibiM yraoM upyr k 
npyry h b KonennoM chctc 0 Ka3 bi Ba iotc h BbiTHHyTbiMH 6ojiee hjih MeHee 
napajuiejibHO npo/iojibHoii och kjictkh. IIoctoiihho H/ieT npopecc: b CTapbix 
cjiojix (6jiH>Ke k ueiiTpy oSojiohkh) cjinSpujuibi no/iBepraiOTCfl naccHBHbiM 
c/iBHraM, a OTJioiKeHHe hobbix (JihSphjiji bo BHyrpeHHHx cjioux (SnH/Kanuinx k 
MeMSpaHe kjictkh) nponojDKaeTOi b eooTBeTCTBHH e hcxoahbim njiaHOM 
KOHCTpyKU,HH OSOJIOHKH. 3T0T npOU,eCC C03/iaeT B03M0IKH0CTB CKOHB/KeiHHI 
(|dh6phjiji otho CHTejiBHO npyr npyra, a nepecTpoiiKa apMaiypbi KJieTOHHOH 
oSojiohkh B03M0>KHa H3-3a CTyaemiCToro coctouhhii KOMnoneiiTOB ee MaTpHKca. 
B ziajiBHeHHieM npn 3aMemeHHH b MaTpHKce reMHu,ejuiioji03Bi Ha jihthhh 
nO/IBH5KHOCTB (J)HSpHJIJI pe3KO CfflHKaeTCfl, oSoJIOHKa CTaHOBHTCH nJIOTHOH, 
npoHcxo/iHT onpeBecHeHHe. 

HacTO non btophhhoh oSojiohkoh oSHapyiKHBaiOT TpeTHHHyio oSojiOHKy, 
KOTOpyio mo>kho paccMaTpHBaTB KaK 3acoxiHHH ocTaTOK nerenepnpoBaBuiero 
CJIOfl eoSCTBeHHO H,HTOnJia3MBI. 

CjienyeT otmcthtb, hto npn nenemni kjictok pacTeHHH (j)opMnpoBamno 
nepBHHHoii oSojiohkh He bo Bcex cjiynaax npenuiecTByeT oSpa30BaHHe 
KJieTOHHOH nJiaCTHHKH. TaK, y 3eJieHOH BOnOpOCJIH CnHpOTHpBI HOBbie 
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nonepemibie neperopoaKH B03HHKai0T nyTeM oopaaoBanuji Ha ookobbix CTeHKax 
hcxo^hoh KJieTKH BbiCTynoB, KOTOpBie, nocTeneHHO pa3pacTaact k pempy 
KJieTKH, CMbiKaiOTca h peji^T KJieTKy napBoe. 

Kaic yace roBOpHJiocB, ecjiH b bophoh THnoTOHHaecKOH cpeae jihhihtb KJieTKy 
ee oSojiohkh, to npoH30HpeT jih3hc, pa3ptiB kjictkh. OKananocb, hto, noa6Hpaa 
cooTBeTCTByiomHe KoimeiiTpamin coaeii h caxapoB, Moaoio ypaBioiTb 
ocMOTHnecKHe paBJieHHa CHapyacn h BHyTpH kjictok, jiHineHHbix cbohx 
oSoaoaeK. IIpH 3tom TaKHe npoTonjiacTbi npHo6peTaK)T mapOBHaHyio (j)opMy 
(ccj)eponjiacTbi). Ecjih b cpeae, rae naxoanTcn npoTonjiacTbi, oyaeT aocTaroHHoe 
KOJiHHecTBO nHTaTejibHbix BemecTB h coaeii (cpean hhx neooxoauM Ca 2+ ), to 
KJieTKH CHOBa BOCCTaHaBJiHBaiOT , pereHepHpyiOT cboio KneTonnyio 060a oh Ky. 
Eoaee toto, ohh cnocoGHbi b npHcyTCTBHH ropMOHOB - ayxcHHOB - aeaHTbea h 
C03paBaTb KneTOHiibie KoaoHHH, KOTOpbie MoryT paTb nana.no ana pocTa uenoro 
pacTeHHa, ot KOTOporo 6biaa B3ara KJieTKa. 

raaBHblH BOaOKHHCTblH KOMnOHeHT KaeTOHHOH CTeHKH SoabHIHX Tpynn rpH 60 B 
(6a3H6HOMHu,eTbi, acKOMHpeTbi, 3HT0MHu,eTbi) - xhthh, noaneaxapHa, rae 
ochobhbim caxapnaoM aBaaeTca N-au,eTHarai0K03aMHH. B cocTaB KaeTOHiion 
CTeHKH rpH 60 B KpOMe XHTHHB MOTyT BXOaHTb BeiHeCTBa MBTpHKCa, 
ranKonpoTenabi h panniiHiibie 6eaKH, CHHTe3HpOBaHHbie b u,HTonaa3Me h 
BbiaeaeHHbie khctko in Hapyacy. 

KaeTOHHbie o6oaoqKH 6aKTepHH 

OnopHbiM KapKacoM KneTOHiioii CTeiiKH oaKTepnii h CHHe3eaeHbix Boaopocaeii 
TaK>Ke cayacHT b anaHHTeabnoii CTeneHH oaHOpoaHbin noaHMep - nenTHaoraHKaH 
nan MypeHH. DKcctkhh xapKac, OKpyacaiomHH oaKTepnanbiiyio KJieTKy, 
npeacTaBaneT co6oh oaHy niraiiTCKyio MeniKOBHaHyio Moaeicyay caoacHoro 
noaHcaxapHaa-nenTHaa. Kapxac htot Ha3biBaiOT MypeHHOBbiM mchikom. OcHOBa 
CTpyKTypbi MypeHHOBoro MeniKa - ceTb napaaaeabHbix noaHcaxapHaHbix uenen, 
nocTpoeHHbix H3 nepeayiouHixcn pHcaxapnaoB (au,eTHarai0K03aMHH, 
coeaHHeHHbiii c apeTHaMypaMOBoii KHcaoToii), CBioaHHbix MHoroaHcaeHHbiMH 
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nenTHflHMMH nonepeHHMMH CBa3aMH (pnc. 161). penoneK raHKaHa MoaceT 

6BITB OrpOMHOH - po HeCKOJIBKHX COT HHCaxapHpHBIX SjIOKOB. OCHOBy nenTHAHOH 
Hacra MypeHHa cocTaBaaiOT TeTpanenTHpBi, o6pa30BaHHBie pa3JiHHHBiMH 
aMHHO KHCJIOTaMH . 

EaicrepjiajiBHaa CTeHKa mo'/KCt cocTaBaaTB po 20-30% ot cyxoro Beca OaKTepini. 
3 to CBa3aHO c tcm, hto b ee cocTaB KpOMe mhotochohhoto MypenHOBoro xapKaca 
BXOPHT SoJIBmOe KOHHHeCTBO PO IIOJIHHTe JIBHBIX KOMIIOHeHTOB, KaK H B MaTpHKCe 
CTeHKii pacTennH. y rpaMnoaoacHTeaBHBix OaKTcpiiH (npii OKpacKe no rpaiviy 
(oKpacKa KpHCTanjinnecKHM cj) h o a cto b bi m , o6pa6oTKa hohom, OTMBiBKa cnnpTOM) 
SaKTepnn no-pa3HOMy BOcnpinnnviaiOT KpacnTejiB: r p a m noaoacHTeaBH bic ocTaiOTca 
OKpameHHBiMH nocne o6pa6oTKH cnnpTOM; rpaMOTpn pareaBH bie oSecpBewnBaiOTca). 
conyTCTByiomHMH KOMnoHeHTaMH cayacaT nojiHMepHBie BeipecTBa, caoacHBiM 
o6pa30M BnneTeHHBie b MypenHOByio ceTB. K hhm OTHOcaTca TenxoeBBie khcjiotbi, 
nojincaxapnpBi, noaiinenTHpBi n 6eaKH. KaeTomiaa CTeHKa rpaMnoaoacHTeaBHBix 
SaKTepnil oSaapaeT Sohbhioh acecTxocTBio, ee MypeiiHOBaa ceTB MHorocaoinia. 

Ctchkh rpaMOTpnpaTejiBHBix SaKTepnn copepacaT oanocnonnyio MypenHOByio 
ceTB, cocTaBamoipyio 12% cyxon MaccBi ctchkh. ConyTCTByioipHe KOMnoHeHTBi 
cocTaBJiaKDT po 80% cyxoii MaccBi. 3 to annonpoTenaBi, caoacHBie 
jiHnonojiHcaxapHHBi. Ohh o6pa3yiOT caoacnyio HapyacHyio a h n o n p o t e in i o By io 
MeiviOpany. CaenoBareaBHO, nepncjiepna rpaMOTpn paTeaBii bix OaxTepini 

copepaorr HapyacHyio MCMopany, 3aTeM OHiiocnonnyio MypennoByio ceTB, HHace 
Hee pacnoaoaceHa naa3MaTHHecxaa MeMSpaHa (pnc. 162). Hapyaoiaa MeMSpaHa 
ooecnemiBaeT CTpyKTypHyK) peaocTiiocTB xaeTKH, cayacHT SapBepOM, 

orpaHHHHBaKDHiHM cboSohhbih aocayn pa3HBix BeuiecTB k n a as M aT n h e c ko n 
MCMSpane. Ha Hen Taxace MoryT pacnoaaraTBca pepenTOpBi pa a 6aKTepHO(f)aroB. 
OHa coaep'/KHT 6eaKH-nopHHbi, KOTOpBie ywacTByiOT b nepeHOce mhothx 
HH 3KOMoaeKyaapHBix BeuiecTB. MoaeKyaBi nopHHa o6pa3yK)T TpHMepBi, 
npoxopamne ckbo3b Toaipy MCMopaiiBi. Oana H3 (JiyHKpHH tthx ochkob - 
(J)opMHpOBaHHe b MCMopane rnapocfinaBiiBix nop, nepea KOTOpBie nponcxoanT 
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,ziH(|)(J)y3JM MOJieKyn, He 6onee 900 ^ajiLTOH. Mepea nopBi npoxo^nT cbogo/hio 
caxapa, aMHHOKHCJiOTBi, neooabuine ojiHrocaxapH^Bi h nenTH^Bi. IIopBi 
o6pa30BaHBi pa3HBiMH nopHHaMH, o6jiaflaK)T pa3Hoii npoHHpaeMOCTBio. 

MejK^y BHeniHeii jinnonpoTeH^HOH MeMOpaHoi! SaKTepHajiBHoii ctchkh h 
njia3MaTHHecKOH MeMOpaHoi! jiokht nepHnjia3MaTHHecKoe npocTpaHCTBO hjih 
nepHnjia3Ma. Ee TOJimHHa oObihho cocTaBJiaeT okojio 10 hm, OHa co^epTKHT 
TOHKHH (1-3 hm) MypeHHOBBIH CJIOH H paCTBOp, COflepTKaiHHH cneii,Hc{)HHecKHe 
SejiKH AByx THnoB - THflpojiHTHHecKHe (jiepMeHTBi h TpaHcnopTHBie ochkh. H3-3a 
HajiHHHM rHflpona3 hi 10171 a nepunaasMy paccMarpHBaiOT ktk aHajior jiH30COMHoro 
KOMnapTMeHTa 3y icapnoT. n e p h n a a 3 m aT h h e c k h e TpaHcnopTHBie SejiKH CBH3BiBaiOT 
h nepeHOC^T caxapa, aMHHOKHCJiOTBi h ^p. ot BHeniHeii MeMOpaHBi k 
njia3MOJieMMe. 

IIpeflHieCTBeHHHKH CTeHOK SaKTepHH CHHTe3HpyK)TCM BHyTpH KJieTKH, cOopKa 
CTeHOK npOHCXOflHT CHapy>KH OT n 3 a3 M aT M H e C KO H MCMOpailBI. 

riofl ZieHCTBHeM (J)epMeHTa JIH30Il,HMa M05KH0 pa30pBaTB MypeHHOBBIH KapKae H 
paCTBOpHTB SaKTepHaJIBHyK) CTeHKy. B THnOTOHHHeCKHX yCJIOBHUX KJieTKH npn 
3tom paipyuiaiOTca, KaK paspyuiaiOTCH rojiBie kjictkm tkhbothbix h pacTeHHH; b 
H30T0HHHeCKHX yCJIOBHUX oSpaiyiOTCH HiapOBHflHBie npOTOnJiaCTBI, KOTOpBie 
cnocoOiibi CHOBa b b i p a 6 aT b i b aT b cboio KJieTOwnyio CTeHKy. 

HHTepecHO, hto npoTonjiacTBi oaKTepiiii neHyBCTBiiTejiBiiBi k aencTBino 
oaKTepHOifiaroB- BHpycoB, napa3HTHpyiomHx Ha OaicrepHJix. CjieflOBaTejiBHO, 
KOMnoHeHTBi OaKTepHajiBHoii CTeHKH oSna^aiOT aHTHreHHoii eneu,H(j)HHHOCTBio 
no OTHOHieHHIO K 3THM BHpyCaM. 

Eiaea 14. BaKyojiHpHaH CHCTeMa BHYTpHKJieTOHHoro TpaHcnopTa 

BaKyojiapHaa CHCTeMa, cocToamaa H3 oanoMCMopainiBix pa3HOo6pa3HBix no 
CTpoeHHio h (})yiiKHiHiM opraHejui ( 3 n a o n a aa m aT h h e c k h h peTHKyjiyM, annapaT 
rOJIB^JKH, JIH30C0MBI, 3II/IOCOMBI, CCKpeTOpHBie BaKyOJIH) BBinOHIHIIOT o6myio 
(J)yHKU,HK) CHHTe3a, nepeCTpOHKH (MO,HH(f)HKail,HH), COpTHpOBKH H BBIBeflCHHH 
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(sxenopTa) H3 KJieTKH DHonoanMepoB, raaBHMM o6pa30M 6e a ko b - ra h ko n p otc mho b , a 
Taxace (|)yHKLi,nK) CHHTe3a MeiviSpan 3 toh c h ctc m bi ii n a as m aT n h e c ko ii MCMSpaiibi. 

Heo6xoaHMO otmcthtb, hto cmiTe? ochobhoh Maccti xaeTOHHbix SeaxoB 
npoTeKaeT Ha noaneoMax b H,iiT03oae. OeoSeHHOCTbio SeaxoBoro CHHTe3a b 
u,HT03oae aBaaeTca to, hto b 3aBHCHMOCTH ot Tima 11 PHK CHHTe3HpyiOTCH 
pa3aHHHbie ochkh, nanpaBaaiomneca CTporo k cbohm BHyTpmcaeTOHHbiM 
KOMnoHeHTaM. 3to CBX3aHO c TeM, hto pa3Hbie no Ha3HaHeHHio 6eaxn hmciot 
onpeaeaemibie “cHTHaabHbie” n o ca eaoBareabHO cth aMHHOKHcaoT, xax 6bi 
aapeca, no KOTOpbiM pa3Hbie 6eaxn pacnpeaeaaiOTca b xaeTxe. Tax aaepiibie 
6eaxn hmciot NLS-cnrHaabHyio nocaeaoBaTcabnocTb, 6eaxn MiiTOxonapnii 
HMeiOT cbok), Tax ace xax 6eaxn u,HT03oaa, piiToexeaeTa, naacTiia n nepoxcncoM - 
cboh CHTHaabHbie nocaeAOBaTeabHOCTH. XapaxTepHbiM aBaaeTca to, hto Bee 
Timbi nepeHHcaeHHbix SeaxoB namniaiOT h 3axaHHHBaiOT chhtc3 b u,HT03oae, h 
3aTeM nocTTpaHcamjHOHHO c noMombio BHyTpHxaeTOHHbix SeaxoBbix 
xoMnaexcoB nepeHoexTca “no aapeeaM”. 

B OTHHHne ot 3thx TimoB SeaxoB, 6eaxn sxcnopTHoro Ha3HaneHHH h 6eaxH 
MeMSpaH CHHTe3HpyiOTca Ha pnSoeoMax, pacnoaoaceHHbix Ha MeMSpaHax 
3Hflonaa3MaTHHecxoro peraxyayMa h nonaaaiOT BHyTpb Baxyoaeii, no Mepe 
CHHTe3a noaimenTHAHOH penii, KOTpaHcaHipioHHO. 3aTeM 3th 6eaxn yace 
BHyTpn Baxyoaeii, nan b cocTaBe MeMSpan Baxyoaeii TpancnopTupyiOTca BHyTpH 
xaeTXH. 

Q6uiaH cxeMa (|)yHKUiioHnpoBaHHH BaKvoanpHOH CHCTeMbi 

Ha pnc. 163 npeacaaBaeiibi MeMopamibie Be3HxyaapHbie xoMnoHeHTbi, 
oSbeaHiiemibie b eamiyio (jiyHxu,HOHaabHyio cncTeMy. Bee ohii hmciot paa 
o6mnx cbohctb: 3to - oanoMeMSpamibie xoMnapTMeHTbi, HMeiomne oami o6uihh 
hctohhhx o6pa30BaHHa (rpaHyaapHbiii 3 n a o n a as m aT h h e c k h ii peraxyayM). /la a 
Been BaxyoaapHoii CHCTeMbi xapaxTepHa xoonepaTHBHOCTb ee 
(JiyHxpHOHHpOBaHHa, B3anMOCBa3b h noeaeaoBaTeabHOCTb 3TanoB o6pa30BaHHa, 
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nepecTpOHKH, TpaHcnopTa n sxcnopTa cnHTe3HpOBaHHBix SejiKOB. BKpaTpe 
(jDyHKii,nn OTflejiBHBix KOMnoneiiTOB 3aKJiK)HaK)Tca b caeayiomeM: 

1. rpaHyjiapHbiii 3 n a o n a as m ar h h e c k h h peTHKyayM: kot p a i i c a an h o i i i i bi h 

cnHTe3 pacTBOpHMtix b 1 1 y t p n Ba Ky oa a p n li x 6eaKOB (ceKpeTOpHbie 6eaKH, 
ruapoaasbi aH30C0M n ap.); KOTpai icaa nnoi i 1 1 bi ii cmiitcs HepacTBOpHMbix oeaKOB, 
Bxoaainnx b cocTaB Bcex MeM6paH BaicyoaapHOH CHCTeMbi; nepBHHHaa 
MOaH(J)HKaU,Ha pBCTBOpHMBIX H HepBCTBOpHMblX (MeMOpBIIIIblX) OCaKOB, HX 

coeamiemie c oanro c axapna a m h - raHK03HaHp0BBHHe cnHTe3HpOBBHHbix 6eaKOB, 
o6pa30BaHHe ra h ko n p ot e h a o b ; chutcs MCMopaiiiibix annnaoB n hx BCTpaHBBHHe 
b MeMSpaHy - “cSopKa MeMSpaH”. 

2. OTaeaeHne BaKyoaen, coaepacainnx H0B006pa30BaHHbie npoayKTbi n hx 
nepexoa b nnc-30Hy annapaTa Ioabaacn (3P-Ar KOMnaeicc). 

3. U,HC-30Ha annapaTa Iaabaacn: BTopnanaa Moancjw Banna ranKonpoTenaoB; 
CHHTe3 noancaxapnaoB (reMnnennK>no3a pacTeHnn) n reKC03aMHH0ranKaH0B. 

4. IIpOMeacyTOHHaa 30Ha annapaTa Iaabaacn: aonoaHHTeabHbie Moan(j3HKau,HH 
ranKonpoTenaoB, TpaHcraHK03Hanp0BaHHe. 

5. TpaHC-roabaacn ceTb: copTHpOBKa ceKpeTOpHbix n an30C0MHbix SeaicoB; 
OTaeaeHne BaKyoaen. 

6. 3k30u,hto 3 (ceKpepna). 

7. 3K30U,HT03 nOCTOaHHbIH. 

8. OTaeaeHne nepBHHHbix an30C0M c rnapoaa3aMH. 

9. 3HaOU,HT03. 

10. BTOpHHHaa an30C0Ma. 

11. Peu,HKaH3au,na pepenTOpOB rnapoaa3. 

12. Peu,HKaH3au,na pepenTOpOB naa3MaTnnecKon MeMSpaHbi. 

13. raaaRHH 3 1 1 ao n a a3 mbt h h e c k h h peTHKyayM: cnHTe3 n KOiiaencamia 

annnaoB, aenoHnpOBaHne hohob Ca 2+ , cnHTe3 n pecop6u,na ranKoreHa n ap- 

14. TpaHcnopT b 30Hy annapaTa Toabaacn. 

15. TpaHcnopT ot annapaTa Ioabaacn b 3 i i a o n a as m bt h h e c k ii ii peTHKyayM. 
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rpaHYJlHpHblH 3HJ0nJia3MaTHHeCKHH peTHKJTYM 

OTJlHHHTeJlbHOH HCpTOH BaKyOJISpHOH C II CT 6 M bl HBJIHeTCH TO, HTO 

CHHTe3HpOBaHHBie nojiHMepBi h npoayKTbi hx npeBpameHHH OTaeneiibi ot 
CoSCTBemiO H,HTOnJia3MbI, OT IJHT030JUI, II CTailOBflTCH H30JIHp0BaHHBIMII OT 
i],hto30jibhbix (J)epMeHTOB. TaKoe pa3o6meHne oneiib Bamio ana oaiiOBpeivieiiiioro 
npoTexaHHa b KJieTKe mhothx CHHTeTHnecKHx npopeccoB. 

OTKpBITHe 3TOH BHyTpHKJieTOHHOH MeMOpaiHIOH CTpyKTypBI np0H30IHJI0 Ha 
3ape 3JieKTpOHHOH MHKpocKorani. B 1945 r. K IIopTep c co t p ya n h k a m h iiayHaa 
(J)H6po6jiacTBi pbinaaT b 3JieKTpOHHOM MHKpocKone. B 3to BpeMH eme He 6biJia 
pa3pa6oTaHa TexHHKa ynbTpaTOHKHx cpe30B, noaTOMy aBTOpbi npocMaTpHBajiH 
KJieTKH Ha npocBeT, pejiHKOM. B cbctobom MHKpocKone b (J)H6pn6jiacTax nocae 
(J)HKCaU,HH H OKpaCKH BH7THO, HTO nepHCjjepHH KJieTOK (3KTOnJia3Ma) OKpaniHBaeTCa 
cna6o, b to BpeMa Kax ueiiTpaabiiaa nacTb kjictok (3iiaonaa3Ma) xoporno 
BoenpHHHMaeT KpacHTeaH. IIopTep yBHaen b 3JieKTpOHHOM MHKpocKone, hto 
30Ha 3iiaonaa3Mbi 3anoaHeHa Sojibihiim hhcjiom mchkhx BaKyoneH h KaHanoB, 
coeaHHBKDHiHxca apyr c apyroM H oopasyiomux hto-to HanoaoSne pbixjiOH ccth 
(peTHKyayM). BblJlO BHaHO, HTO CTOnKH 3THX BaKyOJieH H KaiiaabHCB OTpaHHHeHbl 
tohkhmh MeMSpaHaMH. Tax 6biji oSHapynceH 3Haonjia3MaTHHecKHH peTHKyjiyM, 
hjih 3Haonjia3MaTHHecKaH ceTb. IIo3aHee, b 50-x tt., npn Hcnojib30BaHHH 
MeToaa ynbTpaTOHKHx cpe30B yaajiocb BbiacmiTb CTpyKTypy stoto o6pa30Baiina h 
o6napy>KHTb ero HeoaHOpoaHOCTb. CaMbiM >xe raaBHbiM OKa3anocb, hto 
3Haonjia3MaTHHecKHH peTHKyjiyM (3P) BCTpenaeTca npaKTHnecKH y Bcex 
ayicapHOT. 

IIoaoSHbiH 3JieKTpOHHO-MHKpocKoraiHecKHH aHajiH3 no3BOJiHJi BbiaejiHTb aBa 
Tuna 3P : rpanyrapiibiii (mepoxoBaTbra) h raaaKHH. 

Ha ynbTpaTOHKHx cpe3ax rpauynapiibiM 3P npeacTaBJieH 3aMKHyrbiMH 
MeMSpaHaMH, KOTOpbie o6pa3yK)T Ha ceneiiMax BbiTaiiyTbie mchikh, miCTepiibi 
HJIH >Ke HMeKDT BHa y3KHX KaHaHOB (pHC. 164, 165). IIlHpHHa nOJIOCTeH U,HCTepH 
MO>KeT OHeHb BapbHpOBaTb B 3aBHCHMOCTH OT (j)yHKU,HOHaJIbHOH aKTHBHOCTH 
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KJieTKH. HaHMeHbmafl imipHHa hx moikct cocTaBJiHTB okoho 20 hm, b 
pacmiipeHHOM BHae ohh nocTiiraiOT anaMCTpa b hcckojibko mkm. 
OTJIHHHTeJIBHOH HepTOH 3THX MCMOpail HBJHieTCH TO, HTO OHH CO CTOpOHBI 
THaJIOnJia3MBI nOKpBITBI MCJIKHMH (OKOJIO 20 hm) TeMHBIMH, nOHTM OKpyTJlBIMH 
nacTiipaMH, rpaHyjiaMH. 

BnepBBie 3th rpaHyjiBi 6bijih oniicaiibi r I],>K. najiane (rpanyjibi najiane), 
KOTOpbiH ^OKa3an, hto ohh npencTaBJuuoT co6oh pMOonyKneonpoTeunBi. Tenepb 
XOpOUIO H3BCCTHO, HTO 3TH TpaHyjIbl HBJHHOTCH HH HCM HHbIM, KaK pn 60 C 0 MaMH, 
CBH3aHHbiMH c MeMSpaHaMH 3P. Ha MeMSpaHax pn6o combi pacnojiOTKeHBi b BHne 
nOJIHCOM (MHOTKeCTBO pH 60 C 0 M, oSbeflHHCHHBIX O^HOH HH(J)OpMaH,HOHHOH PHK), 
HMeiomHx bh^ njiocKHx cnnpajieH, po3eTOK hjih rp03neH. 3to paSoTaiomne, 
CHHTe3HpyK)Hi;He SejiOK phSocombi, KOTOpBie npHKpenjiaiOTca k MeMOpamM 
CBoeii Sojibhioh cySbeflHHHpeH. 

rpaHyjiapHBiH (hjih mepoxoBaTBiii, b otjihhhc ot nr an koto) 3P mo'/KCt b 
KJieTKax 6bitb npencTaBnen hjih b BHne penKiix pa3p03HeHHBix MCMOpan hjih >xe 
b BH^e jiOKajiBHBix CKonjieHHH TaKHx mc m Span (3pracTonjia3Ma) (pHC. 166). 
nepBBiH Tun rpanynapnoro 3P xapaKTepen ana nenHcjxJiepeiiHHpoBamiBix kjictok 
hjih KJieTOK c hh3koh MeTaSojiHHecKOH aKTHBHOCTBK). 3pracTonjia3Ma 
xapaKTepHa ajia kjictok, aKTHBHO cunTe jHpyiouHix ceKpeTOpHBie ochkh. Tax, b 
KJieTKax neneHii rpaiiynapiiBin 3P co6pan b OTnenbiibie 30hbi (Tejibpa Bepra), Tax 
5Ke Kax b HeKOTOpbix HepBHBix KJieTKax (THrpoHa). B KJieTKax noaTKejiyaoHHOH 
/Kene jbi rpanyrapiibiM 3P (3pracTonjia3Ma) b Biine njiOTHO ynaKOBaHHBix apyr 
OKOJio npyra MCMopainiBix miCTepn 3aHHMaeT 6a3anBHyio n OKonoanepuyio 30hbi 
KJieTKH. 

HajiHHne nojiHCOM Ha MeMSpanax onnosnaHiio noKa3BiBaeT Ha to, hto 
rpaHyjwpHBiH 3P HBJiaeTCH BamiBiM mcctom CHHTe3a SejiKOB. 

KojiHnecTBO phSocom Ha 3P hctko CBH3aHO c ero CHHTeTHHecKoii 
aKTHBHOCTBK). Tax, Ha MeMopanax 3P b KJieTKe iieceKpeTiipyiomeH mojiohhoh 
5Kejie3bi CBH3BiBaeTca no 25% KJieTOHHBix ph6ocom, nocjie CTHMyjiapHH jiaKTau,HH 
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hx KOJiHHecTBO TaM B03pacTaeT ^0 70%. Ila/ieHne HHCJia phOocom Ha MeM6paHax 
3P M05KeT npoHexoflHTB npH ^H(|)(j)epeHu,HpOBKe KJieTOK. HanpHMep, npH 
nacTHHHOM yuajieHHH ne L ienii y rptoyHOB pe3KO CTHMyjiHpyeTca aeaemie kjictok 
b ocTaBHieiiCM nacTH. 3to conpoBOJK^aeTca peflyKH,Heii rpaHyjnipHoro 3P h 
oSe^HeHMe ero pnOocoMaMH: hhcjio cboSo^hbix phOocom, He CBioaHHBix c 
MeMSpaHaMH, ^ocTHraeT 40%. TaKoe >Ke yMeHtnieHne HHCJia phOocom, 
CBM3aHHBix c 3P, naOaioaaeTca npn pa3JiHHHBix naTOJiorHHe ckhx coctojihhjix 
KJieTOK ( npn ajiKarojiBHOM xpomiiecKOM OTpaBJieHHH npoHexoflHT yMeHBHieHHe 
HHcna CBH3aHHBix phOocom Ha 25%). 

PhOocombi, CBH3aHHBie c MeMOpaHaMH 3P, ynacTByiOT b CHHTe3e OejncoB, 
BBIBOflHMBIX H3 /jailllOH KJieTKH, “3KCnOpTHpyeMBIx” SeJIKOB. 

,I],eHCTBHTeJIBHO, SoJIBHIOe HHCJIO KJieTOK MHOTOKJieTOHHBIX OpraHH3MOB, 
ooraTBix rpaHyjwpHBiM 3P, CHHTe 3HpyeT h bbiboaht orpOMHoe kojiiihcctbo 
S ejiKOB. TaK, HanpHMep, KJieTKH aunnycoB noa/KeayaoHiioii 5Kejie3Bi CHHTe3HpyiOT 
h BBi^ejiKiOT Maccy SejiKOB - (jiepMeHTOB, ynacTByioiHHx b pacmenjieHHH nnuiH b 
KHH ienHOM TpaKTe (npoTeHHa3Bi, jiHna3Bi, HyKJiea3Bi h flp.); KJieTKH neHemi - 
ajiBSyMHHBi KpOBH; njia3MOu,HTBi - y-rjio6yjiHHBi; mojiohhoh >Kejie3Bi - Ka3enH; 
CJHOHHOH >Kejie3Bi - nHHieBapHTejiBHBie (JiepMenTBi, aMHJia3y h PHKa3y h t.ji. 
TaKa k >Ke KapTHHa naoaioaaeTca y pacTeHHii: /KeaesucTBie KJieTKH, BBiaeaHiouine 
SejiKOB&ie BemecTBa, ooraTBi rpaHyjiapHBiM 3P. ,Z]pyrHMH cjiOBaMH, y 
MHOTOKJieTOHHBIX OpTaHH3MOB KJieTKH, OOraTBIC 3pTaCTOnJia3MOH, CHHTe3HpyiOT 
BBIBOflHMBie H3 3THX KJieTOK OeJIKH, HeoSxOflHMBie HJIH flJIH paSOTBI flpyTHX 
KJieTOK, HJIH flJIH BBinOJIHeHHH 06lHe0pTaHH3MeHHBIX (J)yHKU,HH 
(nHHieBapHTejiBHBie (jiepMeHTBI, SeJIKH nJia3MBI KpOBH, TOpMOHBI H flp.). 

y o^HOKJieTOHHBix TaKiKe MO/Kiio HaSjuoflaTB TpaHyjiKpHBiii 3P, KOTOpBiii, no- 
BHflHMOMy, ynacTByeT b CHHTe3e bbibohhmbix 3 kx n o pT ii py e m bi x ochkob. CpenH 
TaKHx SejiKOB MoryT 6bitb He tojibko (j)epMeiiTBi BHeKJieTOHHoro numeBapeinui. 

Cjie^OBaTejiBHO, pojib rpaHyjnipHoro 3P 3aKJHOHaeTCn He npocTO b ynacTHH b 
CHHT e3e SejiKOB Ha pnOocoMax ero MeMOpaH, ho h b npopecce cerperau,HH, 
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o6oC06neHJM 3THX CHHTe3HpOBaHHbIX SeJIKOB, B HX H30HHPHH OT OCHOBHBIX 
(j) y 1 1 k p h o 1 1 h p y i o m h x SenKOB KJieTKH. 3Ta (|)yiiKmioiiajibiiaa ocoSemiocTb 
rpaHyaapHoro 3P oneHb Baaora, Tax Rax OHa CBH3aHa c peabiM papoM npopeccoB, 
npHBopaipHx k Bbipeaeiimo Taxnx SeaxoB c noMombK) Baxyoaen annapaTa 
rOJIbfl>KH. 

KoTpaHCJlHUHQHHblH CHHTC3 paCTBOpHMbIX 6eJlKOB 

IlyTH CHHTe3a SeaxoB Ha pnSocoMax 3P mojkho npepcTaBHTb b caepyioipeM 
BHpe (pHC. 167). Eipe b rnajionjia3Me nponcxopHT CBa3biBaHHe hPHK, 
xopnpyioipeH cexpeTOpHbii! 6eaox, c phSocomoh h nawHiiaeTca CHiiTea SeaxoBOH 
penn. BaacHbiM aBaaeTca to, hto cnawaaa cmiTeanpyeTca “ciiniaabiiaa 
nocaepoBaTeabHOCTb” , SoraTaa rMppot|)o6iibiivni aMHHOKHCJiOTaMH. B Hee bxopmt 
16-30 aMHHOKHCJiOT. 3Ta “cHTHanbHaa noeaepoBareabHOCTb” b pHT03oae 
y3HaeTca h CBa3biBaeTca c “y3HaioipeH cHTHan HacTHpeii” (SRP-nacTHpa), 
cocToaipeil ii3 opiiom MOJieKyjibi 7S PHK h 6 pa3JiHHHbix noaiinenTupiibix pencil. 
SRP-nacTHpa CBa3biBaeTca nocae y3HaBaHHa curHanbHoro xoHpa 
CHHTe3HpyioipeHca MOJieKyjibi 6eaxa c phSocomoh, hto npHBopHT k nojiHoii 
ocTaHOBxe CHHTe3a 6eaxa. Ha noBepxHOCTH ace MeM6paHbi 3P, oSpaipeHHoil x 
rnajionjia3Me pacnoao>xeiibi HHTerpaabHbie peueriTopiibie 6eaxn, 
CBa3biBaK)npieca c SRP-nacTHpaMH. B pe3yjibraTe SRP-nacTHpa CBa3biBaeTca co 
cbohm pepenropOM h opHOBpeMeHHO CBH3biBaeT paHHyK) pHSocoMy c MeM6paHOH 
3P 


Taxaa “saaicopeiiiiaa” piioocoivia c SRP-HacTiipeil, SaoxiipyiomeH paabHeHinnil 
pocT noaHnenrapHOH penn, B3aHMopeHCTByeT c Sojibhihm SeaxoBbiM 
xoMnaexcoM, TpaHcaaKOHOM. nocae CBiObiBamui pnSocoMbi c TpaHcaaxoHOM 
npoiicxoHHT OTpeaeiiiie SRP-nacTiipbi h CHHTe3HpoBaHHbiH nepBiiHHbni nemnp 
bxopht b xaHaa pHMeTpOM oxoao 2 hm, xoTOpbin o6pa3yeT TpaHcaaxoH. nocae 
3toto B03o6iiOBaaeTca CHHTe3 noaiinenTHpa, oh ypamiaeTca h ero ciiniaabiiaa 
noeaepoBaTeabHOCTb, BMecTe c pacTyipeii penoaxoii oxa3biBaeTca BHyTpH 
noaocTH pncTepHbi 3P TaxHM o6pa30M CHHTe3HpyeMbiH 6eaox npoxopHT cxbo3b 
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MeMSpaHy 3P bo BpeMa ero CHHTe3a, T.e. KOTpaHCJumHOHHO, o^HOBpeMeHHO c 
ero TpaHCJiapHeii. BHyTpn nonocTH 3P c noMombio (J)epMeHTa (cHraanbHaa 
neTHaasa) curnaabnaa nocaeaoBaTeabHOCTb OTmenaaeTCH. nocne OKOimaiiMH 
cnHTe3a bch SeaxoBaa MOJieKyna oxa3biBaeTca b noaocTH 3P h b 3to BpeMa 
puSocoMa OTaeaaeTca ot TpaHCJiaKOHa h auccominpyeT. riocne stoto b 
TpaHCJiaKOHe KaHan 3axpbiBaeTca. Bo BpeMa TpaHCMeMSpaHHoro nepeHOca 
pacTymeii SeaxoBoil perni nponcxoaHT ee cbhsl c on h ro c ax a p h a a m h 
(raHK03HanpoBaHHe - cm. HHace). B nonocTH pncTepH 3P 6enxn npeTepneBaiOT 
paa aonoaiiMTeabiibix n3MeHemiH: o6pa3yiOTca aHcynbcjaianbie CBaan, 

nponcxoaHT hx npaBHatHoe CBopannBanne, nponcxoaHT c6opxa n ct B epT hhhoh 
CTpyKTypbi SenxoB. Tonbxo 6enxn c npaBnnbnon Konc|)opMannen b aanbiienmeM 
oyayT nepenocnTbca b 30Hy annapaTa TonbaacH. 

Chhtc 3 HepacTBopHMbix (MeM^paHHbix) 6eaKOB 

B rpanynapnoM 3P nponcxoaHT chhtc3 SenxoB, KOTOpbie, BCTpanBaacb b 
MCMSpany 3P, CTanoBaTca HHTerpaabHbiMH m e m 6 p a n n b i m h SenxaMH (pnc. 168). 

HanaabHbie CTa^nn cnHTe3a MCMopamibix SenxoB noxoacn Ha TaKOBbie npn 
CHHTe3e pacTBOpHMbix oeaKOB. 3aecb Taxace ynacTByiOT SRP-nacTimbi, 
yanaiomne CHraaabHyK) nocaeaoBaTeabnocTb, Taxace nponcxoaHT npoxoacaenne 
nawanbnoro ynacTxa SeaxoBon u,enn L iepe3 TpaHcaaxoH. OanaKO b n,enn 
cniiTeanpyiomeroca MCMSpannoro 6eaxa cyniecTBycT oana nan Hecxoabxo 
aMHHO xncaoTHbix CTon-nocae^OBaTeabHocren, xoTOpbie npenaTCTByiOT 

SeaxoBon n,enn nepecexaTb MeMSpaHy n 6eaox b oSaacra CTon-cnraaaa ocTaeTca 
CBa3aHHbiM c MeMSpaHon, ho npn stom chhtc3 6eaxa Ha pnSocoMe He 
ocTaHaBaHBaeTca. 3to npHBoaHT x TOMy, hto b oSaacTH CTon-CHTHaaa 
noxanroyeTca THapo(j)o6HbiH a-cnupaabHbiH ynacTOx, a Been 6eaox ocTaeTca 
BCTpoeHHbiM b MeiaSpany. B HexoTOpbix 6eaxax nncao a-cnnpaabHbix 
“aaaxopeBaioiHnx” ynacTxoB MoaceT 6biTb ot oanoro ao Hecxoabxnx. Tax, 
HanpHMep, 6eaox TpaHcnopTa raK)X03bi (GLUT-1) HMeeT 12 Taxnx ynacTxoB. 
MeiviSpannbie 6eaxn, Taxace xax h pacTBopiiMbie MoryT noaeepraTbca pasaHHiibiM 
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MO,a,H(J)HKai],jMM. HanSoaee xapaxTepHOH H3 hhx ,o,na 3P aBaaeTca nepBHHHoe 
rJ!HK03HJlHp0BaHHe - KOBaJieHTHOe CBB3BIBaHHe SeJIKOBOH U,emi CO CJI05KHBIM 
ojiHrocaxapH^OM. B pe3ynBTaTe 3Toro CHiiTesHpyiOLiuiHCH 6eaox CTanoBHTca 
m h xo n p ot e h a o m . 

EOHbHIHHCTBO 6e3KOB, CHHTe3HpOBaHHbIX B TpaHynapHOM 3P, OTIIOCHTCH K 
ra h ko n p ot e h a a m . CBasbiBaiiHe cunTeanpyiomeHca ochkobom uenn c 

oa m rocaxapnaaM h riponcxoaHT Taxace xot pa n ca a h h o n n o . IIpH 3tom Ha SeaxoByio 
Moaexyay nepenocHTca totobbih 6a ok oaHrocaxapHaoB, KOTOpBifi CBa3braaeTca c 
acnapanmoBBiMH ocTaTKaMH SeaxoBOH MoaexyaBi (pnc. 169). 3tot 
oa h ro caxap na n bi h xoMnaexc coaep>xHT 2 MoaexyaBi N-au,eTHaraHX03aMHHa, 9 
Moaexya MaHH03Bi h 3 MoaexyaBi raK)X03Bi h CBjnan co cnemiaabiibiM aumiaoM 
aoanxoaoM Ha BHyrpeHHeii noBepxHOCTH MeM6paHbi 3P, CMOTpameil b npocBeT 
Baxyoan 3P IIo Mepe TpaHcaoxau,HH SeaxoBoii pemi bo BpeMa ee CHHTe3a, 
xaac^biH acnaparHHOBbiii ocTaTOx CBa3braaeTca c oa h ro caxap na n bi m xoMnaexcoM, 
c noMombio (})epMeiiTa, HBHHiomeroca HHTerpaabHbiM SeaxoM MCMSpan 3P 
IlepBHHHOH MO^H(J)Hxau,HH, raHxo3HaHpOBaHHio, noaBepraiOTca xax 

pacTBOpHMbie, Tax h MCMopamibie 6eaxn, CHiiTeanpyiouHieca b 3P 

Chhtc 3 KaeTOHHbix MeM6paH 

HTax, Ha pn6ocoMax 3P npOHCxo^HT chhtc3 ochobhoh aacTH MeM6paHHbix 
SeaxoB xaeTXH. Chhtc3 3thx SeaxoB OTaHaaeTca ot CHHTe3a cexpeTOpHbix tcm, 
hto no Mepe CHHTe3a MeM6paHHbie 6eaxn He ocBoSoacaaiOTca ot MeMSpaH, a 
ocTaKDTca b hx cocTaBe, CTaHOBacb tbxhm o6pa30M nan TpaHCMeMSpaHHbiMH 
HHTerpaabHbiMH 6eaxaMH, nan noayHHTerpaabHbiMH. 

B 3P npoHexoflHT CHHTe3 h c6opxa aunnaoB cbmhx MeM6paH, BxaiOHaa 
(|)occJ)oaHnnabi h xoaecTepoa. OepMeHTbi, ywacTByiounie b CHHTe3e aiinnaoB, 
BCTpoeHbi b MeM6paHy 3P co CTOpOHbi hmtobohh, h CHHTe3 aunnaoB nponcxoanT 
Ha MeMSpane TaM ace. TaxHM o6pa30M CHHTe3HpoBaHHbie annnabi BCTpanBaiOT ca 
b MeM6paHy 3P b annH^Hbin caoii co CTOpOHbi u,HTonaa3Mbi, ho nepeHOcaTca Ha 
BHyTpeHHIOK) CTOpOHy C nOMOIHBK) nepeHOCHHXOB (|)OC(J)OaHnHflOB. TaxHM 
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o6pa30M oiLinnnaiibiH cjioh MCMopanbi pacTeT, yBeaHHHBaa noBepxHOCTb 
Baxyoan hjih piiCTepHbi 3P. 3tot npopecc naeT oaHOBpeMeHHO c chhtc30m 
HHTerpanbHbix MCMopainibix SeaxoB, Tax hto annonpoTenanaa Meiviopana, kbk 
TaxoBaa, CTpOHTca h pacTeT 3a cneT aByx npopeccoB: CHHTe3a h BCTpaHBaHHa 
anmiaoB, h CHHTe3a h MiiTerpamni MCMSpamibix SeaxoB. HeoSxoaHMO 
noaHepKiiyTb, hto Taxoe “3apo>xaenHe” MCMopan BaxyoaapHoi! CHCTeMbi 
nponcxoaHT Toabxo b rpanyaapnoM 3P. 

Cero^HB MO/xno cxa3aTb, hto BaacHefimeii (J)yHxu,HeH rpanyaapnoro 3P, BHe 
3aBHCHMOCTH ot cneu,iiaaH3au,iiH nan TxaHeBoii npimaaaeacHOCTH xaeTOx, 
aBaaeTca (jjynxuHa o6pa30Banna, nocTpoemia xaeTOHHbix MCMopan, xoTOpaa 
3axaiOHaeTca b tom, hto naeivienTbi rpanyaapnoro 3P CHHTe3HpyK)T Bee 
MeMSpaHHbie 6eaxn, CHHTe3HpyiOT aHnnaHhiH xomitohcht MeMSpaH, ho, xpOMe 
toto, HMeHHO b rpaHyaapHOM 3P nponcxoHHT c6opxa annonpoTenanbix 
MeMSpaH. 


3tot npouecc xoporno npocae>xen h npoanaananpoBan Ha npHMepe 
oopaaoBanna BHpyca Be3HxyaapHoro CTOMaTHTa (VSV) (pnc. 170). 3to PHK- 
coaepacamnn BHpyc, nocTpoeHHbiH H3 HeSoabinoro nncaa SeaxoB h noxpbiTbra 
CHapyacH annonpOTeHaHOH MeMOpanoil. B 3peaon nacTiipe VSV xpOMe oanoii 
Monexyjibi PHK ecTb 6eaox, BxoHamnn b pnoonyKaeonpoTenanbin xoMnaexc (N- 
6eaox), 6eaox, xpenamiiH 3tot xoMnaexc c oxpyacaiomeH MeMOpanoil (M-6eaox), 
h cneu,nc|3HHecxHH 6ejiox MeMOpannoH oSoaonxH (G-6eaox). MeiviOpannaa 
oSojiOHxa VSV nporoomaa ot khctkii xoaanna, b xoTOpoii ttot BHpyc 
pa3BHBaeTca: no Mepe Bbixoaa PHIT BHpyca nponcxoaHT o6pa30BaHHe BbipocTa 
naa3MaTHHecxoH MCMOpaiibi, nanoMiniaiouiero xopOTxyio MHxpOBopcimxy, Kyna 
BxaKDHaeTca Hyxaeona (PHIT) BHpyca, 3aTeM Taxon BbipocT OTaeaaeTca ot 
noBepxHOCTH xneTXH, h noaynaeTca roTOBaa 3peaaa nacTiipa VSV. Eaaroaapa G- 
6eaxy Taxaa nacTiipa MO>xeT cneu,H(J)HHecxH xoHTaxTHpOBaTb c neaapaTxennon 
xaeTxon; MeMSpaHa VSV h naa3MaTHHecxHe MeMSpaHbi xneTOx caHBaiOTca, a 
BHpycHbiH pnSonyxaeonpoTena oxa3biBaeTca b u,HTonaa3Me xaeTxn, rae 
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pa3BHBaeTCfl HH(])eKII,HOHHBIH npOH,eCC. npH 3T0M OCTaHaBJIHBaiOTCfl CHHTe3BI 
HOpMaJIBHBIX SeJIKOB KJieTKH-X03HHHa, H IiaHHIiaCTCH CHHTe3 TOJIBKO BHpyCHBIX 
SeJIKOB Ha pHSoCOMaX HH(|)HII,HpOBaHHOH KJieTKH. BHpyCHaa PHK KOflHpyeT 
TOJIBKO miTB SeJIKOBBIX MOJieKyjI. ,II,Be H3 HHX HBJHHOTOI (jiepMeHTaMH, 
HeoSxo^HMBiMH pjin penjiHKapHH h t p a n c k p n n u. H h BHpycHoro reHOMa, TpeTBa - 
N-6ejiOK, neTBepTaa KopnpyeT M-6ejiOK, miTan - cnepHcjiHHecKHH rjiHKonpoTeHH, 
G-6ejiOK. 3 to HHTerpajiBHBiii ochok MCMopaiibi, OKpy'/KaiouiiiH 3pejiyio 
BHpycHyio HacTHpy. G-6ejiOK coctoht H3 550 aMHHOKHCJiOT h HMeeT pBe SoKOBBie 
nojiHcaxapH^HBie penn. Oh acHMMeTpHHHO pacnojiojKeH b MeM6paHe, SojiBinan 
ero nacTB BMecTe c yraeBO/HibiMii uenoHKaMii TopniT napy>Ky, a 30 aMHHOKHCJiOT 
ji0KajiH30BaHBi c u ii t o n a a 3 m aT m h e c ko ii ctopohbi MCMopaiibi. 

npH 3 apa>Keiiiiii khctok VSV c MOJieKyjiBi ero PHK CHUTbiBaeTCH miTB pa 3 HBix 
hPHK, C nOMOIHBK) KOTOpBIX Ha pH 60 CO Max KJieTKH npOHCXOAHT CHHTe3 
BHpycHBix SejiKOB. N- 6 ejiOK h M- 6 ejiOK c HHTe 3HpyiOT cn Ha cboSophbix 
nOJIHCOMaX H CBH3BIBaiOTai C pa3MH05KHBHIHMHCH MOJieKyjiaMH BHpyCHOH PHK H 
c MeMOpaHoii KJieTKH. CnHTe3 G- 6 ejiKa nponcxopHT Ha nojincoMax rpaiiynapiioro 
3Hponjia3MaTHHecKoro peTHKyjiyMa. B stom cjiynae CHHTe3 G- 6 ejnca TaKiKe 
HaHHHaeTCH C CHHTe3a “CHTHaJIBHOIl” aMHHOKHCJIOTHOH nOCJiepOBaTeJIBHOCTH, 
KOTopaa npoxopHT ckbo3b MCMopany h KaK 6bi thiict 3 a co6oh ocTajiBHyio 
pacTymyio uenb aMHHOKHCJiOT. OpnaKO, b otjihhhc ot ceKpeTOpHBix SejiKOB G- 
SejiOK ocTaeTCn CBinaHHBiM c MeMOpaHoii 3P EojiBinaa ero nacTB HaxopHTca b 
npocBeTe pncTepH 3P, rpe OHa npHHHMaeT cnepH(f)HHecKyio KOH(f)opMapHio h 
npHeoepHHaeT pBa nepBHHHBix yiacTKa yraeBopHBix pencil. HacTB MOJieKyjiBi G- 
SejiKa norpy>Keiia h npoxopHT wepea Shjihhhphbih cjioh MeMopaiiBi, a neooaBuioii 
ynacTOK C-KOHpa tophht Ha u 11 to n a a3 m aT h h e c ko ii HacTii MCMopaiibi. 
^ajiBHeiiHiaa cypnOa G-6ejiKa xoporno npocjie>KeHa: nepe3 20-30 mhh nocjie 
CHHTe3a oh oOHapyjKHBaeTCn b cocTaBe HHTerpajiBHBix SejiKOB annapaTa 
Iojibpjkh. 3pecB npoHexopHT ponojiHHTejiBHBiii pocT ero ymeBopHBix peneii. 
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ITos/xe ero oonapyacMBaiOT b cocTaBe HHTerpanbHbix SeaxoB naasMaranecKOM 
MCMSpanbi. 

H 3 3thx 3KcnepHMeHTOB caeayeT, hto HHTerpaabHbie 6ejiKH MCMopan 
3 h ao n a as m aT h h e cko ro peraxyayMa, MCiviSpan annapaTa roabaacn, ceKpeTOpHbix 
Baxyoaen h n a a 3 m aT n n c c xo n MCMSpaiibi hmciot oano nponcxoacaeHne: ohh 
CHHTe3HpyK)Tca n BCTpaHBaiOTca b MCMopany b rpanyaapnoM 3P. 

CaeaoBaTeabiio, rpanyaapiibiH 3 n a o n a as m aT nn e cx h h peraxyayM npeacTaBaaeT 
co6oh iiacTOHLiiyio “(JiaSpnxy” ksctohiibix MeiuSpan. Ot Toro, KaKise 
HHTerpaabHbie n nepH(|)epHHecKiie 6eaxn 6yayT CHiiTesupoBaTbCH Ha pnSocoMax 
3P, h ot toto, KaKHe (jDOCcjDoannnabi 6yayT 3aecb CMiiTesupoBaTbCfl h BxaiowaTbca 
b MeiviSpany, 6yaeT 3aBHceTb ran oSpasyiomeroca hoboto ynacTxa MeiviSpanbi; 
6yaeT an oh KOMnoneiiTOM raaaKoro 3P, MCiviopan annapaTa roabaacn, an30C0Mbi, 
nan naa3MaranecKon MCMOpanbi. 

TpaHcnopT MeaKav 3P h annapaTOM loabaacii 

,Z],HCTaabHbie ynacran rpanyaapnoro 3P, KOTOpbie pacnoaoaceHbi b 30He, 
npnSanaceHHon k annapaTy roabaacn (Ar), TepaiOT pnoocoMbi n o6pa3yK)T 
MCMopaniibie BbiCTynbi, ot KOTOpbix oraonxoBbiBaiOTca MeaKne Baxyoan, 
coaepacamne CHHTe3npOBaHHbie b 3P 6 eaxn. 3Ta 30Ha Ha3biBaeTca 3P-Ar~ 
npoMeacyTOHHbin xoMnapTMeHT (ERGIC) nan b es h xya a p n o-Ty 6ya a p n aa rpynna 
(VTC) (pnc. 171). Baxyoan, OTmemiBinneca b stoh 30He ot 3P, TpaH3iirabie 
saeMeiiTbi, noxpbiTbi oxanMaaioiniiM SeaxoBbiM caoeM, aHaaornnHbiM 
xaaTpHHOBOMy caoio 3Haou,HT03Hbix Baxyoaen. Eeaxn stoto caoa Taxace 
oraocaTca x COP-6eaxaM, b aannoM caynae OTmenamonniecfl Baxyoan noxpbiTbi 
xoMnaexcoM COP II, cocToauniM H3 Hecxoabxnx reTepoanMepOB, CBusainibix c 
MeMSpaHon nocpeacraoM 6eaxa Sar lp, Maaon TTOason (pnc. 172). 
OTaeanBUiiieca ot 3P Baxyoan CTaHOBaTca oxanMaeHHbiMH ny3bipbxaMH, 3aTeM 
ohh TepaKDT SeaxoByio oSoaonxy n caiiBaiOTca apyr c apyroM n 
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TpaHcnopTHpyiOTCfl c no mo in bio MHKpOTpySoneic k n,nc-30He annapaTa IonbaacH, 
rae n cjiHBaiOTca c ero m e m 6 p a n a m m . AapecnocTb n TonnocTb camnnni aioSbix 
BaKyoaen c apymiMM MCMopanaMM onpeaeaaeTca cnepnaabHbiMn SeaicaMH 
SNARE (peucnTop 6eaKOB, ywacTByionnix b npHicpenaemni h can mi mm 
MeMSpaH). 

Ilocne aenojiHMepH3au,nH OKanMaaiomero caoa COP II Ha noBepxHOCTH 
BaKyojiH OTKpbiBaiOTca HHTerpanbHbie MCMopamibie oca km - V-SNARE. 3th 
SejiKH cneu,H(j)HHHbi ana Kaacaoro rana BaKyoaen, HanpaBaaa hx k TOMy ynacTKy, 
rae ohh aoJHKHbi canTbca c apyrHMH m e M 6 p a n a m m . TaM ohii CBirmiBaiOTCfl c 
MeMSpaHHbiMH SejiKaMH T-SNARE h SNAP25 (pnc. 173). B MecTax 
B3aHMoaeiiCTBHa tthx aeyx rpynn SejiKOB h nponcxoaHT ca Mamie MCMSpan. 

TaKHM o6pa30M nponcxoaHT TpaHcnopT CHHTe3HpOBaHHbix ocmkob b 30Hy 
annapaTa IonbaacH. 

Eiana 15. AnnapaT (KOMnaeKc) loabaacH 

B 1898 r. HTaabaHCKHH yneHbin K. roabaacn, ncnojib3ya CBOHCTBa CBrnmiBainoi 
raaceabix MeTaaaoB (o c m m a n cepeopa) c KaeTomibiMM CTpyKTypaMH, BbiaBnn b 
HepBHbIX KMCTKaX CCTHaTblC 06pa30BaHHa, KOTOpbie OH Ha3Ban “BHyTpeHHHM 
ceTnaTbiM annaparoM” (pnc. 174). ^ajibHenmee ycoBepmeHCTBOBaHne Meroaa 
OKpacKn MeTanaaMH (nMnperHau,Hn) aaao B03M0acH0CTb ySeanTbca, hto 
ccTHaTbie CTpyKTypbi (annapar Toabaacn) BCTpenaiOTca bo Bcex KJieTKax aioSbix 
ayKapnoTHbix opraHH3MOB. 06bihho sacMCiiTbi annapaTa Toabaacn pacnoaoaceHbi 
okoho aapa, bShmsm km cto micro neiiTpa (pempnonn). YnacTKn annapaTa 
Toanpacn, hctko BbiaBaaeMbie MCToaoxi MMnpernamiii, HMean b HeKOTOpbix 
KaeTKax bmp caoacHbix ceTen, rae aneincn 6bian CBa3aHbi apyr c apyroxi nan 
npeacTaBaaancb b Bnae OTaeabHbix tcmhbix ynacTKOB, aeacaipnx He3aBHCHMO 
apyr ot apyra (aHKTHOCOMbi), iiMeionpix Bna naaoncK, 3epeH, BomyTbix pmckob 
h T.a. (pnc. 175). Meacay cemaTon n aM(fx})y3MOM (jsopMon annapaTa Toabaacn hct 
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npHHiiiiiraajiBHoro pa3aHHHa, TaK KaK nacTO b o^hhx h Tex ace KJieTKax 
naSaioaaeTca CMeHa cjiopM 3 toto opranowaa. 3aeMenrbi annapaTa roabaaoi L iacTO 
CBa3aHBi c BaxyonaMH, hto ocooenno xapaicrepHO ana ceKpeTHpyiomHx rjictok. 

Bbijio o6napyaceno, hto Mopcjionoriia Ar MeHaeTca b 3aBHCHMOCTH ot CTaaHH 
KJieTOHHOH ceKpepini, hto nocayacHao ocHOBaHHeM HacoHOBy (1924) 

BBiaBHHyTb rnnoTe3y o tom, hto Ar aBJiaeTca opraHonaoM, oSecneHHBaiomHM 
cenapauHio h HaKonaeHHe BemecTB b caMbix pa3JiHHHbix KJieTKax. 

Conroe BpeMH b pacTHTejibHbix KJieTKax He yaaBaaocb oSnapyacHTb aaeMeHTOB 
annapaTa Tojibaacn oSbimibiMii MeToaaMH MHKpOTexHHKH. OaHaKO c noaBaenneM 
MeToaa aaeKTpOHHoi! MHKpocKonnn laeivieiiTbi Ar Sbijih oSHapyaceHbi bo Bcex 
pacTHTejibHbix KJieTKax, rae ohh pacnoaoaceHbi no nepHcjiepHH kjictkh. 

ToHKoe CTpoeHHe annapaTa IbabaacH 

B 3JieKTpOHHOM MHKpocKone BnaHO, hto annapaT Tojibaacn npeacTaBJieH 
MeMSpaHHbiMH CTpyKTypaMH, coSpaHHbiMH BMecTe b HeSojibinon 30He (pnc. 176, 

177) . OTaejibHaa 30Ha CKonjieHna 3 thx MeMSpaH aBJiaeTca aHKTHOcoMOH (pnc. 

178) . B anKTHOCOMe naoTHO apyr k apyry (Ha paccToaHnn 20-25 hm) 
pacnoaoaceHbi b Bnae CTonKii naocKHe MeMSpaHHbie MeniKii, nan pncTepHbi, 
Meacay kotopbimh pacnoaaraiOTca TOHKne npocaoHKH rnaaonaa3Mbi. Kaacaaa 
OTaeabHaa miCTepna HMeeT anaMCTp oxoao 1 mkm n nepeMeHHyio ToamnHy; b 
neiiTpe ee MCMSpaiibi MoryT Sbitb cSanaceHbi (25 hm), a Ha nepncjiepHH invieTb 
pacuiiipeHHa, aMnyabi, mnpHHa KOTOpbix HenocToaHHa. KoaHnecTBO Taxnx 
MeniKOB b CTonxe oo bi hi io He npeBbimaeT 5-10. Y HeKOTOpbix oaHOKaeTOHHbix hx 
HHcao MoaceT aocTiiraTb 20 iniyac. KpOMe naoTHO pacnoaoaceHHbix naocKHx 
miCTepn b 30He Ar naOaioaaeTca MHoacecTBO BaKyoaeii. MeaKHe Baxyoan 
BCTpenaiOTca raaBHbiM o6pa30M b nepncjiepHHecKHx ynacTKax 30hbi Ar; imoraa 
BnaHO, Kax ohh OTHiHypOBbiBaiOTca ot aMnyaapHbix pacunipennH Ha Kpaax 
naocKHx miCTepn. IIpHHaTO paaniinaTb b 30He a h k t h o co m l i npOKCHMaabHbiii nan 
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(jDOpMHpyiOmHHCa, UHC-yHaCTOK, H flHCTanbHLIH HJ1H 3peJlLIH, TpaHC-ynaCTOK 
(pnc. 178). Menmy hhmh pacnonaraeTcn cpennnn nnn n p o m e ncy to h ii bi h ynacTOR 
AT. 

Bo BpeMa ^ejieHHa kjictok ceTnaTbie (j)opMBi Ar pacna^aiOTcn ahrthocom, 
koto p Lie nacciiBHO n cay nan no pacnpenenaiOTcn no nowepmiivi KJieTKaM. Ilpn 
pocTe KJieTOK o6mee RonnnecTBO ^krthocom yBennnnBaeTcn. 

B ccKpeTupyiouinx KneTKax oobiwiio Ar nonapnaoBan: ero npoRCHManbHaa 
nacTb o6pamena k n,HTonna3Me n anpy, a nncTanbiiaa - k noBepxHOCTH kjictkh. B 
npoKCHManbHOM ynacTKe k CTonKaM c6nn>RennBix miCTepn npHMbiKaeT 30Ha 
MejiKHx rjia^KHx ny3bipbKOB n kopotkhx MCMopainibix nucTepn. B o6pa3n,ax 
npenapaTHBHO BBineneinibix 30H Ar npn HeraTHBHOM KOHTpacTnpOBaHnn bh^ho, 
hto k npoKCHMajibHon L iacTH flHKTHOCOMbi npHMbiKaeT ceTeBH^Haa HJTH 
ry6KOo6pa3Haa cncTeMa MeMSpaHHBix nonocTen. CnmaeTcn, hto 3Ta cncTeMa 
MonceT npeflCTaBJMTb co6on 30Hy nepexo^a aneMeHTOB 3P b 30Hy annapaTa 
rOJlbfl>KH (pnc. 179). 

B cpe^Heil nacra ,hhrtho combi nepnc^epna Ranmon pncTepHBi TaRnce 
conpOBO^K^aeTca Maccon mcjikhx BaRyonen okojio 50 hm b ^naMeTpe. 

B flncTajibHOM hjih TpaHC-ynacTRe ahrthocom r nocne^Hen MCMOpannoH 
nnocRon miCTcpne npnMbiRaeT ynacTOR, coctohuihh h3 TpySnaTBix aaeMCiiTOB n 
Maccon MenRHx BaRyonen, nacre iiMeiounix (JmSpHnnapHyio onyuieHHOCTb no 
noBepxHOCTH co CTOpOHbi n,HTonjia3Mbi - 3to onymeHHbie hjih ORanMJieHHbie 
ny3bipbRH TaRoro 5Re Tnna, RaR n ORanMJieHHbie ny3bipbRH npn nnHon,HT03e. 3to 
- TaR Ha3biBaeMaa TpaHC-ceTb annapaTa Iojib/iiKH (TGN), me nponcxo^HT 
paaneaemie n copTHpOBRa ceRperapyeMBix nponyKTOB. Euie nncTanbiiee 
pacnojiaraeTca rpynna 6ojiee RpynHbix BaRyonen - 3to y>Re nponyRT cnnaHnn 
MejiRHx BaRyonen n oopaaoBainni ceRpeTOpHbix BaRyonen. 
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npH M3yHeiIMM TOJICTBIX Cpe30B KJieTOK B MeraBOJIBTHBIH 3JieKTpOHHBIH 
MHKpocKon 6 bijio naiineno, hto b KJieTKax OTnenbiibie ^hktocombi MoryT 6 bitb 
CBaaaiibi apyr c apyroM chctcmoh BaKyoneii h miCTepn. Tax hto oopa3yeTcn 
pBixnaa TpexiYiepnaa ceTb, BBinBnneMan b cbctobom MHKpocKone. B cnynae 
^H(j)c|)y3HOH (J)opMBi Ar Ka>KabiH OT^ejiBHbiH ero ynacTOK npencTaBnen 
flHKTHOCOMOH. Y KJieTOK pacTeHHH npeoSnaaaeT an(|)(|)y3HBiH Tun oprammpHH 
Ar, 06 bim 10 b cpenneM Ha Knemcy npiixoanTcn okoho 20 hhktmocom. B KneTKax 
5KHB0THBix HacTO c 30hoh MCMOpan annapaTa ronba'/KH accomiiipoBanbi 
peHTpHOJin; Me >Kay paananbiio otxot? hti hx ot hhx ny hkob MHKpOTpySoneK nencaT 
rpynnbi CTonox MCMopan h BaKyoneii, KOTOpbie KOimeiiTpuHecKH OKpyixaiOT 
KJieTOHHBIH UeilTp. 3Ta CB5I3b, BepOIITHO, OTpancaeT yHaCTHC M H k p o t p y 6 o h e K B 
aBH>xeHHH BaKyoneii. 

CeKpeTopHan ^yhkuhh annapaTa rojibiDKM 

MeMOpamibie ineMeiiTbi Ar yiacTByiOT b cerperamni ii HaKonjieHiiii 
npoayKTOB, CHHTe3HpoBaHHBix b 3P, ynacTByiOT b hx xHMHnecKHx nepecTpoiiKax, 
C03peBaHHii: ito, raaBHbiM o6pa30M nepecTpoiiKa on h ro caxap mh n bi x 

KOMnoHeHTOB rnHKonpOTeiiHOB b cocTaBe b on o p ac t b o p m m bi x cexpeTOB HnH b 
cocTaBe MeMSpaH (pnc. 180 ). 

B miCTepnax Ar npOHexonHT CHHTe3 nonncaxapHaoB, hx B3anMOCB5i3b c 
SenKaMH, npHBoanman k o6pa30BaHHio MyKonpOTennoB. Ho rnaBHoe, c noMombio 
aneMeHTOB annapaTa ronnancH nponcxoaHT npouecc BbiBenenna totobbix 
ceKpeTOB 3a npeaenBi KneTKH. KpOMe toto, Ar HBnneTcn hctohhhkom KneTOwnbix 
nH30C0M. 

YnacTHe Ar b npoueccax BbiBeaemiH cexpeTOpHBix nponyKTOB 6 blio oienb 
xoporno Msyneno Ha npHMepe 3K30KpHHHBix KneTOK noancenyaoHnoM ncene3Bi. 
/In a 3 thx KneTOK xapaKTepHO Hannnne oonbujoro mien a ceKpeTOpHBix rpaHyn 
(3HMoreHOBBix rpaHyn), KOTOpBie npeacaaBnaiOT co6oii MeMOpamibie ny3BipBKii, 
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3anojiHeHHbie Scjikoblim co^epnaiMbiM. B cocTaBe SenKOB 3HMoreHOBbix rpaHyn 
Bxo^aT pa3HOo6pa3Hbie (j)epMeHTbi: npoTea3bi, jinnasbi, KapOorunpanbi, 

HyKJiea3bi. IlpH ceKpemni co,a,ep)KHMoe sthx 3HMoreHOBbix rpaHyn 
Bbi6pacbiBaeTcn H3 rjictok b npocBeT ncene3bi, a 3aTeM nepeTeKaeT b nonocTb 
KIIHieHHHKa. TaK KaK OCHOBHbIM npOflyKTOM, BblBOflHMblM KJieTKaMH 
noAnceny^OHHOH ncene3bi, HBnneTcn Senox, to Hcene,noBanH nocne^OBaTejibHOCTb 
BKJIIOHeHHH pa^HOaKTHBHblX aMHHOKHCJIOT B pa3JIHHHbie ynaCTKH KJieTKH (pHC. 
181). 3TOTO 3KHBOTHBIM BBOflHJIH MCHeilliyiO TpHTHeM aMHHOKIICJIOTy ( 3 H- 

JieiiH,HH) H C nOMOIHbK) 3JieKTpOHHO-MHKpOCKOniIHeCKOH pa,HHoaBTorpa(|)HH 
cne^HJiH bo BpeMeHH 3a noKanroapiieH m ct k h . OKa3anocb, hto L iepe3 kopotkhh 
npoMOKyroK BpeMeHH (3-5 mhh) MeTKa noKanrooBanacb tojibko b 6a3ajibHbix 
ynacTKax rjictok, b ynacTKa, ooraTbix rpauynnpiibiM 3P. Tax xax MeTKa 
BKJiKDHanacb b SenxoByio u,enb bo BpeMn CHHTe3a 6enxa, to 6bijio hcho, hto hh b 
30He Ar, hh b caMHx 3HMoreHOBbix rpaHynax CHHTe3 6enxa He npoHCxo^HT, a oh 
CHHTe3HpyeTcn HCKJiKDHHTenbHO b 3pracTonna3Me Ha pmOocoMax. HecKOJibKO 
no3^Hee (nepe3 20-40 mhh) MeTKa KpOMe 3pracTonjia3Mbi 6biJia oSHapynceHa b 
30He BaxyoneH AT . Cne^OBaTenbHO, nocne CHHTe3a b 3pracTonjia3Me Senox 6biji 
TpaHcnopTHpoBaH b 30Hy Ar. Eme no3^Hee (nepe3 60 mhh) MeTKa 
o 6 n a p y >k m b an acb ynce h b 30He 3HMoreHOBbix rpaHyn. B nanbiieflujeM MeTKy 
mo>kho 6bino BHneTb b npocBeTe aumiycoB stoh ncene3bi. Tbkhm o6pa30M, CTano 
hcho, hto Ar HBnneTCfl npOMencyroHHbiM 3BeHOM Menc,ny coSctbchho CHHTe30M 
ceKpeTHpyeMoro 6enxa h BbiBeneimeM ero H3 KneTKH. Taxnce nonpoSno 
npoueccbi CHHTe3a h BbiBenennn ochkob oblih H3y L ieiibi Ha npyrnx KneTKax 
(MonoHiian ncene3a, OoKanoBinniibie KneTKH KHHieHHHKa, uHiTOBunnan ncene3a h 
flp.), h 6binn HceneAOBaHbi MOp(J)onorHHecKHe ocoSchhocth 3toto npopecca. 
CHHTe3HpOBaHHbiH Ha pnSocoMax SKcnopTHpyeMbiH Senox OT^enneTcn h 
iiaKannuBaeTCH BHyTpH miCTepn 3P, no KOTOpbiM oh TpaiicnopTHpyeTcn k 30He 
MeMSpaH AE 3necb ot rnanKHx ynacTKOB 3P OTuiennniOTcn Menrue Baxyonn, 
co^epncamHe CHHTe3HpOBaHHbiH Senox, KOTOpbie nocTynaiOT b 30Hy BaxyoneH b 
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npOKCHMaJIBHOH HaCTM flHKTHOCOMBI. B 3TOM MeCTe BaKyOJIH MOryT CJIHBaTBCa 
Apyr c flpyroM h c iijiockhmh u,HC-u,HCTepHaMH ahkthocombi. TaKHM o6pa30M 
npoHCxo^HT nepeHecemie SenKOBoro npo^yKTa y>Ke BHyTpH nonocTefi pncTepH 

Ar. 

no Mepe MOflH(J)HKau,HH SejiKOB b u,HCTepHax annapaTa Iojib,h5kh, ohh c 
noMomBK) MenKHx BaKyonefi nepeHOCHTca ot pncTepH k pucTepHe b ^HCTajiBHyio 
nacTB ^HKTHOCOMBi, noica He nocTiiraiOT TpySnaTOH MCMopannoH ceTH b TpaHC- 
ynacTKe a h kt h o c o m b i . B stom ynacTKe npoHCxoflHT OTmemenne mcjikhx 
ny3BipBKOB, coaep'/KauiHx y>xe 3pejiBiii npoayKT. Li, hto mi as m bt h h e c kbh 

noBepxHOCTB tbkhx ny3BipBKOB 6BiBaeT cxoana c noBepxHOCTBio OKaiiMJieHHBix 
ny3BipBKOB, KOTOpBie naoaiOHaiOTCH npn peuenTopnoM nHH0u,HT03e. 
OTflejiHBHiHeca MejiKHe ny3BipBKH ejiHBaiOTCJi flpyr c apyroivi, oopasya 
ceKpeTOpHBie BaKyojiH. nocne stoto ceKpeTOpHBie BaxyoiiH nawwiaiOT HBiiraTBca 
k noBepxHOCTH KJieTKH, conpHKacaiOTCH c njia3MaTHHecKoii MCMopanoH, c 
KOTOpOH CSHBaiOTCH HX MCMOpailBI, H, TaKHM 06pa30M, CO,aep>KHMOe 3THX 
BaKyonefi OKa3BiBaeTca 3a npe^ejiaMH kjictkh. Mop(J)OJiorHHecKH stot npopecc 
3KCTpy3HH (BBl6paCBIBaHHa) HanOMHHaeT nHH0H,HT03, TOJIBKO C oSpaTHOH 
nocjieflOBaTejiBHOCTBK) CTa^HH. Oh hocht Ha3Bamie 3K30UHT03. 

TaKoe onncaHHe co6bithh aBJiaeTCH tojibko oouich cxeMOH ynacTna annapaTa 
rojiB^jKH b ceKpeTOpHBix npopeccax. /iejio ycao/KiineTCH TeM, hto ojnia h Ta >Ke 
KJieTKa MO/K6T ynacTBOBaTB b CHHTe3e mhothx BBiflejineMBix SejiKOB, MO>KeT hx 
A pyr ot apyra H30JiHp0BaTB h HanpaBjurrB k KJieTOHHOH noBepxHOCTH hjih >Ke b 
cocTaB JIH30C0M. B annapaTe rojiB^^KH nponcxo^HT He npocTO “nepeKanKa” 
npo^yKTOB H3 o^hoh nojiocTH b flpyryio, ho h nocTeneHHO H^eT hx 
“ co3peBaHHe”, MO^H(J)HKau,Ha SejiKOB, KOTOpan 3aKaHHHBaeTcn “copTHpOBKOH” 
npOHyKTOB, nanpaBHHIOUIHXCH HJIH K JIH30C0MaM, HJIH k njia3MaTHHe CKOH 
MCMopane, hjih k ceKpeTOpHBiM BaKyojiHM. 
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MoamjmKamiH 6ejiK0B b annapaTe roabaam 


B u,nc-30Hy annapaTa Toabaacn CHHTe3npoBaHHbie b 3P 6eaxn nonaaaiOT 
nocne nepBHHHoro ra n xo 3 n a n p o b a n n a n peayKpnn TaM ace HecKoabKHx 
caxapHflHBix ocTaTKOB. B KonennoM HTore Bee 6eaxn TaM hmciot oanHaxoBbie 
oanrocaxapnaHbie perai, cocToanjne H3 asyx MoaeKya N-an,eTHaraioxo3aMHHa, 
mecra Moaexya MaHH03Bi (pnc. 182). B ipic-ipiCTepHax HamiHaeTca BTOpnnHaa 
MOflH(J)HKau,Ha oaHrocaxapHflHBix ueneH n hx coprapOBKa Ha aBa Kaacca. B 
pe3yaBTaTe oanrocaxapnabi Ha rnapoaHTHHecxnx (J)epMeHTax, npeanaanawemibix 
aaa nroocoM (SoraTbie MaHH03on oarocaxapnabi), c|) o c cj) op nanpyiOT ca , a 
oanrocaxapnabi apyrnx SeaxoB, nanpaBaacMbix b ceKpeTOpHbie rpanyabi, nan k 
naa3MaTHaecKOH MeMSpaHe, noaBepraiOTca caoacHbiM npeBpameHnaM, Tepaa paa 
caxapOB h npucoeaHHaa raaaKT03y, N-an,eTnnraK)X03aMHH h cnaaoBbie KHcaoTBi. 

IlpH 3tom B03HHKaeT cnen,nanbHbin KOMnaeKC oa m rocaxap nao b. Taxne 
npeBpauiemiH oanrocaxapHaoB ocymecTBaaiOTca c homo hi bio (jiepMeHTOB - 
raHK03HaTpaHC(|)epa3, Bxoaa nT Hx b cocTaB MCMSpan miCTepn annapaTa Tonbaacn. 
Tax xax xaacaaa 30Ha b auxTnocoMax HMeeT cboh Ha6op (JtepMeHTOB 
raHX03nanp0BaHna, to raHxonpOTeHabi xax 6bi no TCTacjiCTC nepeHOcaTca H3 
oaHoro MeMSpannoro OTcexa (“aTaaca” b CTonxe miCTepn anxmoco m b i ) b apyron 
n b xaacaoM noaBepraiOTca cnepmjjnnecxoMy B03aencTBnio (JtepMeHTOB. Tax b 
n,iic-ynacTxe nponcxoanT cj) o c c|) o pnanpoBanne MaHH03 b an30C0MHbix cjiepMeiiTax 
n o6pa3yeTca oco6aa MaHH030-6-rpynmip0Bxa, xapaxTepHaa aaa Bcex 
rnapoaHTHnecxnx (JiepMeHTOB, xoTOpbie noTOM nonaayT b an30C0Mbi. 

B cpeaHen nacra hurt mo com npOTexaeT BTOpnnHoe ranxo3HaHpOBaHHe 
cexpeTOpHbix SeaxoB: aonoaHHTeabHoe yaanemie MaHH03bi n npHCoeannenne N- 
au,eTnaraK)X03aMHHa. B TpaHC-ynacTxe x oanrocaxapnaHon nemi 
npncoeanHaKDTca raaaxT03a n cnaaoBbie xncaoTbi (pnc. 183). 
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3th ^aHHLie 6b>ijih nojiyneHbi coBepmeHHO pa3HbiMH MeTO^aMH. C noMonibio 
^H(J)(J)epeHu,HajiBHoro peHTpncjiyrHpoBaHHJi yziajiocb nojiynnTb pasaeabiibie 6onee 
T«5Kejibie (n,nc-) KOMnoHeHTbi annapaTa Iojib,zpKH h 6onee jierKHe (TpaHC-) h 
onpe^ejiHTb b hhx Hajinnne rjiHK03H^a3 h hx npo^yKTOB. C jipyroii CTOpOHbi, 
Hcnojib3ya MOHOKJiOHajibHbie aHTHTena k pa3JinnHbiM (JjepMeHTaM c noMOuibio 
3JieKTpOHHOH MHKpOCKOnHH yuaJIOCb HX JI0KaJIH30BaTb np^MO Ha Cpe3ax KJieTOK. 

B pa^e cneu,HajiH3HpOBaHHbix kjictok b annapaTe Iojib,zpKH nponcxo^HT chiitc ? 
coScTBeHHO nojiHcaxapH^OB. 

B annapaTe IojibfljKH pacTHTejibHbix kjictok nponcxojiHT cmiTea 
nojiHcaxapn^OB MaTpHKca KJieTOHHon ctciikh (reMHu,ejijnojio3bi, neKTHHbi). 
KpOMe toto, flHKTHOCOMbi pacTHTejibHbix KJieTOK ynacTByiOT B CHHTe3e H 
BbmejieHHH cjnoeii h iYiyminoB, b cocTaB KOTOpbix bxojiht TaKiKe nojincaxapHflbi. 
CnHTe3 >Ke ochobhoto KapKacHoro nojincaxapn^a pacTHTejibHbix KJieTOHHbix 
CTeHOK, u,ejuiioji03bi, npoHexoflHT KaK y>Ke roBOpnjiocb, Ha noBepxHOCTH 
njia3MaTHHecKoii MCMopanbi. 

B annapaTe Rtibji/Kh kjictok jkhbotiibix nponexojiHT ciniTea ajihhhbix 
Hepa3BeTBJieHHbix nojincaxapn^Hbix penen rjH0K03anH0rjiHKaH0B. Ojimii h3 hhx, 
rnajiypOHOBaa KHCJiOTa, Bxofluman b cocTaB BHeKJieTOHHoro MaTpHKca 
COeflHHHTeJIbHOH TKaHH, COJiep'/KHT HeCKOJIbKO TLICflH nOBTOpmOIHHXCH 
flHCaxapHflHbIX SjIOKOB. MHOrne TJII0K03aHH0rJIHKaHbI KOBaJieHTHO CBHjailbl c 
SejiKaMH h o6pa3yiOT npOTeorjiHKaHbi (MyKonpoTeHHbi). TaKne nojincaxapn^Hbie 
penn MOflH(J)Hu,HpyiOTCii b annapaTe rojibpiKH h CBH3biBaK>TCn c SejiKaMH, 
KOTOpbie b BH^e npoTeoraHKaHOB ceKpeTiipy iot ch KJieTKaMH. B annapaTe 
rOJIbflJKH npOHCXOflHT TaKIKe CyJIb(J)aTHpOBaHHe TJII0K03aHH0rJIHKaH0B H 
HeKOTOpbIX SeJIKOB. 

CopTnpoBKa 6ejiKOB b annapaTe rojibiDKM 
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HTaK, wepea annapaT roabH/xn npoxo^HT no KpanHen Mepe, Tpn noTOKa 
CHHTe3HpOBaHHBIX XJieTXOH Hei],HT030JIBHBIX SeJIKOB! nOTOK THflpOJIHTHHeCXHX 
(J)epMeHTOB B KOMnapTMeHT J1H30C0M, nOTOK BBIfleJiaeMBIX SeJIXOB, KOTOpBie 
HaKanjiHBaKDTC^ b ceKpeTOpHBix Baxyonax, n BbiaeaaiOTCH 113 xjictxh tojibko no 
nojiynemin cnepnajiBHBix cnmanoB, nOTOK nocToanno BbiaenaeMbix 

ceKpeTOpHBix 6enKOB. CaenoBaTeabiio, noa>Ken 6bitb xaxoil-TO cnepnanBHBin 
MexaHH3M npocTpaHCTBeHHoro paaneaenna 3thx pa3HBix SenxoB n nx nyren 
cneflOBaHHa. 

B pnc- n cpeannx 30Hax ^hxthocom Bee 3th Senxn n^yT BMecTe 6e3 
paaaeaenna, ohh tojibxo pa3flejiBHO m on n c|) m n n p y i ot ca b 3aBHCHMOCTH ot hx 
ojinrocaxapnflHBix MapxepoB. 

CoScTBeHHO pa3^ejieHne SeaxoB, nx copTHpOBxa, nponcxo^HT b TpaHC-ynacTxe 
annapaTa roaB,zpxH. 3tot npopecc He flo xoHpa pacnni(j)pOBaH, ho Ha npnMepe 
COpTHpOBXH JIH30C0MHBIX (jDepMeHTOB MO'/XIIO nOIIHTb npIIHU,Hn OTSopa 
onpeaeaennbix SeaxoBBix MOJiexyji (pnc. 184 ). 

H3BeCTHO, HTO TOJIBXO SeJTXH-npeflHieCTBeHHHXH JIH30C0MHBIX THflpOJia3 
HMeK)T cnemi(|)HHecKyio ojinrocaxapn^HyK), a n Men no MaHH03HyK) rpynny. B 
H,iie-u,HCTepHax 3th rpynmipoBXH c|) o c cj) opnanpyiOTca h ^ajiBHie BMecTe c 
ApyrHMH SejixaMH nepenocaTca ot nncTepnbi x nncTepne, nepea cpeamoio 30Hy 
b TpaHC-ynacTOx. MeMSpanbi TpaHC-eeTH annapaTa Iojib,h>xh coaep'/xaT 
TpaHCMeMSpaHHBin 6ejiox - penenTop (MaHH03a-6-(J)oc(J)aTHBiH penenTop hjih M- 
6-<l)-peu,enTOp), xoTOpBin y3HaeT (})0C(J)0pHJTHp0BaHHBie MaHH03HBie rpynnnpOBxn 
ojinrocaxapH^Hon n,enn jih30C0mhbix (j)epMenTOB n CBaabiBaeTca c hhmh. 3to 
CBasbiBanne nponcxoanT npn HenTpajiBHBix ananennax pH BHyTpn nncTepn 
TpaHC-eeTH. Ha Me m 6 pan ax sth M-6-<4>-penenTopnbie 6ejixn o6pa3yiOT 
xjiacTepBi, rpynnBi, xoTOpBie ko n ne iit p n py lOTca b 30Hax oopaaoBanna Meaxnx 
ny3BipBX0B, noxpBiTBix xjiaTpHHOM. B TpaHC-eeTH annapaTa Iojib,zpxh 
nponcxoflHT hx OT^ejieHHe, OTnonxoBBiBaHne h ^ajiBHeHnniH nepeHoe x 
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3H^ocoMaM. Cne^OBaTejiBHO M-6-<I>-pen,enTOpBi, abjumcb TpaHCMeMOpaHHBiMH 
SenKaMH, CBHSBiBancB c jihsocomhbimh rnapoaasaMH, OTpejnnoT hx, 
OTCOpTHpOBBIBaKDT, OT PpyTHX SeJIXOB (HanpHMep, CeKpeTOpHBIX, HeJlH30C0MHBIx) 
H KOHpeHTpHpyiOT HX B OXaHMJieHHBIX ny3BIpBKaX. OTOpBaBHIHCB OT TpaHC-cera 
3TH ny3BIpBKH OBICTpO TepfllOT Hiy6y, CJIHBaKDTCM C SHflOCOMaMH, nepeHOCM CBOH 
jiH30C0MHBie (|)epMeHTBi, CBH3amibie c m e m 6 p a ii ii b i m h peuenxopaMH, b 3iy 
BaxyoHB. Kax y>xe roBOpHJiocB, BHyrpH shpocom H3-3a aKTHBHOCTH npoTOHHoro 
nepenocHMKa nponcxopHT 3aKHCJieHHe cpepBi. Han h nan c pH 6 jiH30C0MHBie 
(J)epMeHTBi pnccopnnpyiOT ot M-6-<I>-pei],enTOpOB, axTHBHpyiOTca h HanmiaiOT 
paSoTaTB b nojiocTH 3hpojih30COmbi. ynacTKH >xe MeMSpaH BMecTe c M-6-O- 
peuenTopaMH B03Bpamai0TCH nyTeM pen,nxjiH3an,HH MCMopainiBix ny3&ipBKOB 
oopaTiio b TpaHC-ceTB annapaTa rojiBpjxn. 

BepoHTiiee Bcero, hto Ta hbctb OenxoB, xoTOpaa HaxanjiHBaeTca b 
cexpeTOpHBix Baxyojwx h bbibophtca H3 KJieTKH nocjie nocTymeinni CHTHajia 
(HanpHMep HepBHoro hjih ropMOHajiBHoro) npoxopnT TaKyio >xe nponepypy 
OTOopa, copTHpOBKH Ha pepenropax Tpanc-miCTepn annapaTa rojiBpjxn. 3th 
cexpeTOpHBie 6ejixn nonapaiOT cnanaaa b MejiKne BaxyojiH TO>Ke opctbic 
KJiaTpHHOM, KOTOpBie 3aTeM caiiBaiOTCH ppyr c ppyroM. B cexpeTOpHBix Baxyojnix 
nacTO nponcxopHT arperapna HaKonjieHHBix OenxoB b BHpe njiOTHBix 
cexpeTOpHBix rpaHyji. 3to npuBopiiT k noBBimeHHK) xoHpeHTpapnn 6ejixa b sthx 
Baxyojwx npHMepHO b 200 pa3, no cpaBHeHHio c ero xoHpempapneH b annapaTe 
rojiBpjKH. 3aTeM 3th 6ejixn no Mepe naKonaemiJi b cexpeTOpHBix Baxyojnix 
BBIOpaCBIBaiOTCH H3 K3CTKH nyTCM 3X30U,HT03a, n036 nOJiyneHHJI K36TK0H 

cooTBeTCTByroniero cnraajia. 

Ot annapaTa rojiBpjxn mcxopmt h Tperan noTOx Baxyojien, CBJTianiiBni c 
nocToaHHon, xoHCTHTyTHBHOH cexpepneix Fax (])H6po6jiacTBi BBipemnoT 
SojiBinoe xonnnecTBO TJinxonpoTenpoB n MypnHOB, Bxopaipnx b ochobhoc 
BenjecTBO coepnHHTejiBHOH TxaHH. MHorne xneTxn nocToaHHO BBipemnoT Semen, 
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crioco6cTByiomne CB^nbiBanmo hx c cy 6 c t p aT a m h , nocToanno hjct noTOK 
MeMSpaHHbix nysbipbKOB k noBepxHOCTH xaeTXH, necymne aaeivieHTbi 
rjiHKOKanHKca h MeMopamibix ra h ko n poTe mho b . 3tot noTOK BbiaeaaeMbix 
KaeTKoii KOMnoHeHTOB He noaaeacHT copTHpOBxe b pepenTOpHOH TpaHC-CHCTeMe 
annapaTa ToabaacH. nepBiimibie Baxyoan stoto noroxa Taxace OTipenaaiOTca ot 
MeMSpaH h OTHOcaTca no cboch CTpyxType x oxaHMaeHHbiM BaxyoaaM, 
co^epacaHiMM xaaTpHH (pnc. 185). 

3axaHHHBaa paccMOTpemie CTpoenna h paSoTbi Taxon caoacHOH MeMSpannoH 
opraHeaabi, xax annapaT ToabaacH, neoSxoanMO noanepxHyrb, hto HecMOTpa Ha 
xaacymyioca m o p cj) oa orane cxy io oanopoanocTb ero xoMnoHeHTOB, Baxyoan n 
HHCTepHbi, Ha caMOM ^eae, 3to He npocTO cxonume ny3bipbxoB, a CTpoiiHaa, 
^HHaMHHHaa caoacHO opranniOBannaa, noaapH30Bannaa cncTeMa. 

B Ar npoHCxo^HT He Toabxo TpaHcnopT Be3Hxya ot EP x naasMaTHwecKOH 
MeiviSpane. CyuiecTByeT peTporpaanbin nepeHoe Be3Hxya. Tax ot BTopumibix 
aH30C0M OTuienaaiOTca Baxyoan h B03Bpamai0Tca BMecTe c peuenTopiibiMH 
SeaxaMH b TpaHC-AT 30Hy. KpOMe toto cyuiecTByeT noTOx Baxyoaen ot TpaHC- 
30 hbi x u,HC-30He AT, a Tax ace ot u,hc-30hbi x 3Haonaa3MaTHnecxoMy 
peTHxyayMy. B 3 thx caynaax Baxyoan oaeTbi SeaxaMH COP I-xoMnaexca. 
CnHTaeTca, hto TaxnM nyreM B03Bpauiai0Tca pa3aHHHbie (jjepivienTbi btophhhoto 
rnHX03HHHp0BaHHH h pepenTOpHbie 6eaxn b cocTaBe MeiviSpan. 

3th oeoSeHHOCTH noBeaeHHa TpaHcnopTHbix Be3Hxya aaan ocHOBy ninoTe3e o 
cymecTBOBaHHH flByx THnoB TpaHcnopTa xoMnoHeHTOB AT (pnc. 1 86). 

IIo oanoxiy H3 hhx, HanSoaee CTapOMy, b AT cymecTByiOT CTaSnabiibie 
MeMSpaHHbie xoMnoHeHTbi, x xoTOpbiM ot 3P 3CTacj)eTHO nepeHoeaTca BemecTBa c 
noMombio TpaHcnopTHbix Baxyoaen. no aabTepHamBHOH Moaean AT aBaaeTca 
aHHaMHnecxHM npoHSBoanbiM 3P: OTHieniiBUJiieca ot 3P MCMopainibie Baxyoan 
CHHBaiOTCfl apyr c apyroxi b noByio pHC-piiCTepHy, xoTOpaa 3aTeM npoaBuraeTca 
nepe3 bck> 30Hy AT h b xoHpe pacnaaaeTca Ha TpaHcnopTHbie Be3Hxyabi. no stoh 
M oaean peTporpaaHbie COP I Be3Hxyabi B03Bpamai0T nocToaHHbie 6eaxn AT b 6oaee 
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MOJiOflBie miCTepiibi. TaKHM o6pa30M npeanoaaraeTca, hto nepexoanaa 30Ha 3P 
npeflCTaBJiaeT co6oh “pouHaBHBin uom” uaa annapaTa IoaBuacH. 

EnaBa 16. JIh30C0mbi 

O jiroocoMax yace ynoMHHaaocB b pa3ueaax, nocBameHHBix 3HuouHT03y h 
annapaTy IoaBuacH. 

HanHHHe HH30C0M pa3Horo rana b KJieTKax OTpaacaeT npouecc nepeHOca 
rHflpOJIHTHHeCKHX (J)epMeHTOB, HeoSxOflHMBIX flJIB BHyTpHKJieTOHHOrO 
pacmenaeHHH 3K3oreHHBix (3H30u,hto3) hhh 3HuoreHHBix (ayTO(J)arou,HT03) 
nojiHMepOB, npouecc cexpeuHH, ho kbk 6bi HanpaBJieHHBiH “BHyrpB” khctkii. 

CxOflCTBO JIH30 C OMHBIX BaKyOJieH C CeKpeTOpHBIMH HaXOflHT CBOe OTpa'/Kemie 
He TOJIBKO B o6hJHOCTH HX np0HCX05KfleHH5I, HO HHOr^a H B oSlUHOCTH KOHeHHOrO 
3Tana hx aKTHBHOCTH. B HeKOTOpBix cjiynaax jih30C0mbi MoryT nouxouHTB k 
nna3MaTHHecKOH MeMopane h BBi6pacBiBaTB CBoe couepacHMoe b HapyacHyio 
cpeuy. Tax, y kjictok rpnoa HeiipocnopBi jih30C0mbi, BbiopacbiBaa rHflpona3bi H3 
KJieTKH, oSecnenHBaiOT b HeKaeTOHHBiH npoTeojiH3. Bo3mo>kho, hto nacTB 
jih30C0m MaKpocj)aroB TaKHM ace o6pa30M ooecnemiBaeT BHeKJieTOHHBiH THupoaro 
npn BOcnajiHTejiBHBix h pe30p6u,H0HHBix npopeccax. IIpH onaouoTBOpeHHH 
aKpocoMa cnepMHH, BaKyojiB, aiiaaoniniiaa jiH30C0Me h couepacaipaa 
THflpojiHTHHecKHe (j)epMeHTBi THajiypOHHfla3y h npoTea3Bi, caHBaeTca c 
nna3MaTHHecKOH MeMSpaHOH cnepMHH, roaHBaeTca Ha noBepxHO ctb HHueKaeTKH. 
OcBoSoflHBHiHecH H3 BaKyojiH (J)epMeHTBi pacmenaaiOT nojiHcaxapH^HBie h 
SejiKOBBie oSojiohkh oou,HTa, uaBaa bo3mo>khoctb cjihtbch HByM nojiOBbiM 
KJieTKaM. 

J1h30C0mbi He npe^CTaBJunoT co6oh b KJieTKax eaMOCTOHTeaBHBix CTpyKTyp, 
ohh oSpaayiOTca 3 a chct aKTHBHOCTH 3 1 1 a o n a as m aT h h e c ko ro peTHKyayMa h 
annapaTa IoaBuacH h b stom OTHomeHHH nanoMnnaiOT ceKpeTOpHBie BaKyoan h 
hto ocHOBHaa hx poaB aaKaionaeTca b ynacTHH b npouecc ax BHyTpHKaeTOHHoro 
pacLuenneinia ktik 3K3oreHHBix, Tax h 3iiaoremibix onoaonmecKnx 
MaKpOMoaeKya. 
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06man xapaKTepHCTHica jih30C0m 

JIh30C0mbi KaK MCMopainibie b n y t p n kh ctoh n bi e Hacximbi obihh otkpbitbi 
SHOXHMHKaMH (,H,e A 106 ? 1955). IIpH H3yaeHHH aericon noa(j)paKH,HH MaKpocoM H3 
roMoreHaTOB nenenH Kpbicbi 6 blho nanaeno, hto 3Ta noa^paKuna (b oth n h n e ot 
ochobhoh (jDpaKii,nn MaKpocoM - MHTOxoHapHajiBHOH <J)paKi],nn) oSaaaaeT 
rpynnoii khcjibix THapoaHTHHecKHx (j)epMeHTOB (rnapoaa3), pacmenaaioiHHx 
SejiKH, nyKaeiinoBBie KHcaoTBi, noaHcaxapHaBi n jthtthitbt. Coaaaaocb 
BneaaTaeHHe, hto tth (jDepMeHTbi coaepacaTca b ocoSoto poaa 
u,HTonaa3MaTHHecKHx nacTimax, aniocoMax. OKa3aaocb, hto (j)epivienTBi 
H3oaHpOBaHHBix aH30C0M npoaBaaiOT cbok) aKTHBHOCTB ToaBKO b tom caynae, 
ecan npeaBapHTeabHO Bbi3BiBaeTca noBpeacaeHHe caMHx aroocoM, an6o 
B03aeiiCTBHeM ocmothhcckoto moxa Han aeTepreHTOB, an6o 3aMOpaacHBamieM h 
OTTaHBamieM npenapaTOB. Ha ocHOBamm stoto 6biao caeaaHO 3aicaK)HeHHe, hto 
aH30C0MBi OKpyaceHBi annonpoTenanon MCMopanon, KOTOpaa npenaTCTByeT 
aocTyny naxoaamnxca CHapyacn cyScTpaTOB k (j)epMeHTaM, naxoaauniMca 
BHyTpH aH30C0M. 

XapaKTepHOH nepToii aH30C0M aBaaeTca to, hto ohh coaepacaT oxoao 40 
map oaHTHHe ckhx (j)epMeHTOB: npoTenHa3Bi, HyKaea3Bi, raHK03Haa3Bi, 

(|)0C(j)0pHaa3Bi, (j)oc(J)aTa3Bi, cyabcjaiTaBBi, onTHMyM aencTBna KOTOpBix 
ocymecTBaaeTca npH pH 5. B aH30C0Max KHcaoe 3HaneHHe cpeaBi C03aaeTca H3- 
3a HaaHHHa b hx MeMSpaHax H + noMnbi, 3aBncnMoii ot AT<I>. KpOMe toto, b 
MeMSpaHe aH30C0M BCTpoeHBi 6eaKH-nepeHOCHHKH j\jik TpaHcnopTa H3 aH30C0M b 
manonna3My npoayRTOB raapoaH3a: MOHOMepbi pacmenaeHHBix Moneicyn - 
aMHHOKHcaoTBi, caxapa, HyKaeoTHati, annua bi. npH 03HaK0MaeHnn c paOoTon 
aH30C0M, Bceraa B03HHKaeT Bonpoc, noneMy ace 3th MeMSpaHHBie o6pa30Bamia 
He nepeBapHBaiOT cbmh ce6a? Bepoaraee Bcero, hto MeMSpaHHBie aaeMeHTBi 
aH30C0M iamamenBi ot aeiiCTBHa khchbix raapoaa3 oanro c axapHaHBiMH 
ynacTKaMH, KOTOpBie nan He y3HaiOTCH aH30C0MHBiMH (j)epMeHTaMH, anoo npocTO 
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MemaiOT rnnpoaaaaM B3an m one mct bo btt b c hhmh. TaK hjth unane MCMopainiBie 
KOMIIOHeHTbl J1H30C0M OWeilb yCTOHHHBBI K THflpOJia3aM, COaep'/KaiHHMCH BHyTpH 
J1H30C0MHBIX ny3BIpBXOB. 

HaJIHHHe HeKOTOpBIX THflpOJia3 MO'/KIIO BBI5IBMTB THCTOXH M H H 6 C K M M H 
MCToaaMH. Tax onHon H3 xapaKTepiiBix rnnpoaa3, b bi a b a a e m bi x kbk b cbctobom 
Tax n b aaexTpOHHOM MHxpocxone, aBnaeTca xncaaa (j)oc(J)aTa3a, no HaannHio 
xoTOpon mo>xho hctko onpeneamr., aBaaeTca tot nan hhoh MCMopainiBiH 
ny3Bipex aroocoMon. 

non 3aeXTpOHHBIM MHXpOCXOnOM BHnHO, HTO (j)paKUHH aH30C0M COCTOHT H3 
oneHB necTporo xaacca ny3BipBX0B pa3MepOM 0,2-0, 4 mxm (naa xaeTOx neneHn), 
orpaHHneHHBix onnHOHHon MeMOpaHon (Toamima ee oxoao 7 hm), c oneHB 
pa3HOponHBiM conepacamieM BHyTpn (pnc. 187, 188). Bo (j3paxn,nn an30C0M 
BCTpenaiOTca ny3BipBxn c roMoreHHBiM, SeccTpyxTypHBiM conepacnMBiM, 
BCTpenaiOTca ny3BipBxn, 3anoaHeHHBie naoTHBiM BeipecTBOM, conepacaipnM b 
cbok) onepenB Baxyoan, cxonaemia mom 6 pan n naoTHBix onHOponHBix nacTim; 
nac to MO/xno BnneTB BHyTpn an30C0M He tohbxo ynacTxn Mexiopan, ho h 
(J)paTMeHTBI MHTOXOHnpHH H 3P. HhBIMH CaOBaMH, 3Ta (|)paKHHa no MOp(J)OaOTHH 
oxa3aaacB xpanHe HeonHOponHon, HecMOTpa Ha nocToaHCTBO npncyTCTBHa 
THnpoaa3. 

CxonHBie no MOp(J)oaorHii nacTnpBi Obian onncaHBi eipe paHee b pa3HBix 
TXaHaX MHOTHX 5XHBOTHBIX. OnHaXO pHTOaOTH He MOraH BBiaCHHTB 
(J)yHxu,noHaaBHBie snanenHa sthx noanMOpcjiHBix nacTiiu,. H ToaBxo coweTanne 
SHOXHMHneCXHX, u H TO X H M M H 6 C K M X H 33 6 KT p O II II O - M H K p O C KO n II H 6 C K H X MeTOnOB 
HceaenoBaHHH no3BoaHao nocaaTOHno nonpoSno pa3o6paTBca b CTpoeHHH, 
npOHCXOacneHHII H (J)yHXLI,HOHHpOBaHHH XaeTOHHBIX aH30C0M. 

MopfopaomnecKaH reTeporeHHOCTb an3QCOM 

Bblto o6napy>xeno, hto cpenn paaaHHiiBix no Mopcfioaornn aH30C0MHBix 
nacTHu, MoacHO BBineaHTB no xpanHen Mepe neTBipe Tnna: nepBM hiibic an30C0MBi, 
BTOpnnHBie an30C0MBi, ayro(|)aro combi n ocTaTomiBie TeaBpa (pnc. 189). 
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IleCTpOTa 5Ke MOp(f)OaOTHH JIH30C0M BBI3BaHa TeM, HTO 3TH HaCTHU,BI ynaCTByK)T B 
npoueccax b n y t p h Ka ctoh i i o ro nepeBapiiBanna, o6pa3yK)T caoacHbie 
nHmeBapHTejiBHbie BaKyonH KaK 3X3oreHHoro (BHexaeTOHHoro), Tax h 
3H^oreHHoro npoHCxoac^eHHa. 

IlepBHHHbie JiH30C0Mbi npe^CTaBaaiOT co6oh MeaKHe MeMSpaHHbie ny3bipbXH 
pa3MepOM okojio 100 hm, 3anoaHeHHBie SeccTpyxTypHbiM BemecTBOM, 
coaep’/KauiHM na6op rnapoaaa h b tom HHcae xncayio (J)oc(|)aTa3y, - MapxepHbiii 
A aa JIH30C0M (J)epMeHT. 3th MeaKHe BaKyoan, nepBHHHbie jiH30C0Mbi, 
npaKTHnecKH ohciib TpyaHO oTjIhhhtb ot Meaxnx Baxyoaen Ha nepncjiepiiii boiibi 
annapaTa Ioab,nacH. Mbctb H3 hhx HeceT KJiaTpHHOByio o6oaonxy. Eoaee toto, 
BaKyoan stoh riepH(j)epHHecKOH aacTH Ar Taxace co^epacaT KHcayio (J)occj)aTa3y 
IIpocaeacHBaa npopecc CHHTe3a h aoxaaH3au,Hio stoto (jiepMeHTa b xaeTxax, 
6biao Han^eHO, hto mcctom ero CHHTe3a, xax h cae^OBaao oacH^aTb, aBaaeTca 
rpaiiynapiibin peTHxyayM, 3aTeM stot cjiepMeiiT noaBaaeTca b npoxcHMaabHbix 
yaacTxax ahxthocom, a noTOM - b Meaxnx Baxyoaax no nepHcjiepHH ^hxtho combi 
h, HaxoHeu,, BbiaBaaeTca b nepBHHHbix aH30C0Max. Becb nyTb o6pa30Bamni 
nepBHHHbix an30C0M one n b cxoaen c o6pa30BamieM 3HMoreHOBbix rpaHya b 
xneTxax no^aceaynoaHOH aceae3bi, 3a HCxaioneHneM nocae^Hero 3Tana - 
BbiOpacbiBaHHa H3 xaeTxn. 

C noMombK) pa^a tohhbix axcnepHMeHTOB ycTaHOBHan, hto b flaabHenmeM 
nepBHHHbie aH30C0Mbi caHBaiOTca c (Jiarou,HTapHbiMH nan nHH0u,HT03HbiMH 
BaxyoaaMH, SH^ocoMaMH, o6pa3ya BTopHHHyio aH30C0My nan 
BHyTpHxaeTOHHyio nHmeBapHTeabHyio Baxyoab. IIpH stom co^epacHMoe 
nepBHHHOH aroocoMbi caHBaeTca c noaocTbio 3h^ou,hto3hoh Baxyoan, h 
rnapoaa3bi nepBimnon aH30C0Mbi nonynaiOT aocTyn x cyScTpaTaM, xoTOpbie ohh 
h HaaHHaiOT pacmenaaTb. 

npn canaHHH nepBimnon aH30C0Mbi c 3 iiaomiT 03 iion Baxyoabio npoiicxoanT 
flHCCOii,Hau,Ha xoMnaexcoB M-6-0-peu,enTOp-THflpoaa3a, H3-3a xHcaoii cpe^bi 
BHyTpn btophhhoh aH30C0Mbi. 3aTeM yace CBOOoaiiBiH (jiepMeHT nocae noTepn 
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(|)0C(|)aTH0H rpynribi axraBnpyeT ca h BCTynaeT b paSoTy. OcBoSo^HBinneca 
MeMSpaHHBie penerrropbi nepexonaT b MenKHe ny3bipbxn, OTmenmnonnieca ot 
BTOpHHHOH JIH30C0MBI, H yXOflflT CHOBa B TpaHC-ynaCTOX annapaTa T0JIb,Z],}XH, T.e. 
npOHCXOflHT HX peD,IIKJlH3ail,Ha (cm. pHC. 1 84). 

npopecc CJ1IMHI M nepBHHIIBIX JIH30C0M C 3H/I0I],HT03HbIMH BaxyOJMMH 
npocae>Ken ohciib noapoono. Tax, ecjiH bbccth b opraHH3M mbiiiih Hy/xeponnbiM 
SeaoK iiepoKCHaasy, to OHa nawnnaeT HaxanjinBaTbca b 3H^ou,HT03Hbix Baxyonax. 
C noMombK) ni c t o x h m h h e c ko h peaxpnn mo>xho BbiaBHTb nepoxcn,a,a3y b tbkhx 
B axyonax b 3JiexTpOHHOM MHKpocKone. Bbijio aaMeweno, hto k sthm BaxyonaM 
no^xoflaT nepBHHHbie jih30C0mbi, oSaa^aiOLiuie xhcjioh (f)0C(j)aTa30H, npoayKTbi 
aKTHBHOCTH XOTOpOH TaK/KC BBIHB3HI0TCH rilCTOXHMHHeCXII. 3aTCM npOHCXOflHT 
cjinaHne MeMSpaH Baxyonen, n b cjiHBineMca oSbeMe hoboh Baxyonn 
oonapy>KHBaeTCH xax nepoxcnnaanaa, Tax n (jioccjjaTaanaa axTHBHOCTb. IIo CBoen 
Mop(J)oaonni Taxaa Baxyonb npencTaBnaeT co6on JiroocoMy, coaep'/xaLuyio 
xoMnoHeHTbi, 3axBaneHHbie b npopecce 3H^ou,iiT03a. 3 to BTOpnnHaa nroocoMa. 
Pa3HOo6pa3He no BeanwHiie n no CTpyxiype xjieTOHHbix jiroocoM CBaaano b 
nepByK) onepe^b c pa3HOo6pa3neM BTopinnibi jih30C0m - npo^yxTOB cjinaHna 
3Hfl0U,HT03HbIX BaxyOJICH C nepBHHHblMII JIH30C0MaMH. TaXHM o6pa30M, 
BTOpumibie JlH30C0MbI npeflCTaBJMIOT C060H He HTO HHOe, xax BHyTpHXJieTOHHbie 
numeBapnTejibHbie Baxyonn, (j)epMenTbi xoTOpbix nocTaBneiibi c noMonibio 
Menxnx nepBHHHbix JIH30C0M. IIo3TOMy ot THna norjiomeHHbix BeinecTB hjih 
nacranex 3aBncnT pa3Mep n BnyTpennaa CTpyxxypa Taxnx jih30C0m. 

Jln30C0Mbi MoryT cmiBaTbca npyr c npyroM n TaxnM nyTeM y Ben h l i h BaTBca b 
oSbexie, npn 3tom ycno>xnaeTca nx BnyTpennaa CTpyxxypa. Tax, naBaa xneTxaM 
xyjibTypbi TxaHH b cpeny xonnon^Hoe >xejie30, mo>xho BHneTb, xax nacTnnxn ero 
(xopomo BbiaBJiaeMbie b 3JiexTpOHHOM Mnxpocxone) CHanana noaBJiaiOTca b 
(J)aron,iiT03Hbix Baxyonax, a 3aTeM o6napy>xHBaiOTca bo btophtiibix jiH30C0Max. 
Ecjih nepe3 HexoTOpoe BpeMa CHOBa xneTxe ^aTb HHOpo^Hoe BemecTBO, 
HanpHMep xonnon^Hoe 30jioto (nacTnnxn xoTOporo OTJinnaiOTca no Mopcj^onornn 
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ot nacTHii, KOJiJiOHflHoro >Kejie3a), to annaiviMKa ero non bjichhh b jiH30C0Max 
oyaeT TaKan >Ke. Ho nojiBaTCH jih30C0mbi, oiniOBpeMemio coaep'/Kamne rpaHyjiBi 
KaK KOJiJiOHflHoro 5Kejie3a, Tax h kojuioh^hoto 30Ji0Ta. 

CyzmSa noraomeHHBix SHoreHHbix BemecTB, nonaBHiHx b cocTaB jih30C0mbi, 
3aKJiiOHaeTCfl b hx pacmenjieHHH rH,npojia3aMH ^o MOHOMepOB h b TpaHcnopTe 
3thx MOHOMepOB nepe3 MeMSpaHy jih30C0mbi b cocTaB THajionjia3MBi, r^e ohh 
p eyTH jiH3Hpy lOTca , BKjnonaiOT ch b pa3JiHHHbie c h n t ct h h e c k h e h ooMemibie 
npopeccti. 

KpOMe ynacraa b nepeBapHBaHHH noraomeHHBix nacTHu, h pacTBOpOB 
jih30C0mbi MoryT nrpaTB pojiB BHyTpHKJieTOHHBix CTpyKiyp, yiacTByiounix B 
H3MeHeHHH KJieTOHHBIX npOflyKTOB. Tax, B KJieTKaX IHHTOBHflHOH 5KeJie3BI B 3P 
CHHTe3HpyeTca THporaoSymni, SejiOK-npeflmecTBeHHHK THpon^Horo ropMOHa. 
THpOraoSyJIHH C nOMOIHBIO Ar BblBOflHTCH H3 KJieTOK B nOJIOCTB (J)OJIJIHKyjIOB 
IHHTOBHflHOH 5KeJie3BI. npH TOpMOHaJIbHOH CTHMyjHIH,HH HOflHpOBaHHBIH 
THporaoSyjiHH CHOBa nonaaaeT b /KeaesucTyio KJieTKy nyTeM nHH0u,HT03a. 
nHH0u,HT03HBie BaicyojiH, coaep'/Kauine THporaoSymni, cjiHBaiOTca c nepBHHHBiMH 
JIH30C0MaMH, (j)epMeHTBI KOTOpbIX BbI3bIBaiOT HaCTHHHblH THflpOJIH3 
THpOraoSyJIHHa, npHBOflUIHHH K o6pa30BaHHK) THpOKCHHa - THpOHflHOTO TOpMOHa, 
KOTOpbiH 3aTeM BbiBOflHTca H3 KJieTKH, ceKperapyeTca, h nona^aeT b 
KpoBeHOCHoe pycjio. 

OflHaxo pacmenjieHHe, nepeBapiiBanne Snoremibix MaKpOMOJieicyji BHyTpn 
jih30C0m MO>xeT HflTH b pime KJieTOK He ,zio KOHpa. B 3tom cjiynae b nojiocTux 
jih30C0m npoHCxo^HT HaKonjieHHe HenepeBapeHHbix npoayKTOB, npoHCxo^HT 
nepexoA btophhhbix jih30C0m b TejiojnnocoMbi, hjih ocTaTOHHbie Tejibua. 
OcTaTOHHbie Tejibpa y>Ke coaep'/KaT MeHbine mapoaiiTiiHecKiix (jiepMeHTOB, b hhx 
npoHCxo^HT ynjiOTHeHne co^epiKHMoro, ero nepecTpoiiKa. HacTO b ocTaTOHHbix 
Tejibpax HaSjiioflaeTca BTOpHHHaa CTpyKTypH3au,Ha HenepeBapeHHbix jinnH^OB, 
KOTOpbie o6pa3yiOT caovKiibie ejiOHCTbie CTpyKTypbi. TaM >Ke npoHCxo^HT 
oraoiKeHne nHTMeHTHbix BemecTB. Y nejiOBeKa npn CTapeHHH opraHH3Ma b 
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KJieTKax M03ra, neaeim h b MbimeaHbix BOJiOKHax b TeaoaroocoMax nponcxoanT 
OTao'/Kemie “nnrMeHTe CTapeinia” - aHnocfiycmiiia. 

AyT0JiH30C0Mbi (ayTO(J)arocoMbi) nocToanno BCTpeaaiOTca b KJieTKax 
npocTeMmux, pacTemiH h 5khbothbix. IIo cboch Mopcjioaonni hx otiiocht k 
BTOpHHHbIM j3H30C0MaM, HO C T6M OTHHHHeM, HTO B COCTaBe 3THX BaKyOHCH 
BCTpenaiOTca cfjparMeiiTbi nan aaace neawe n mto n a as m ar n h e c k m e CTpyKTypbi, 
TaKHe, Kax m ht o xoh ap h h , naacTnabi, TaeivienTbi 3P, pnoocoivibi, rpaHyabi 
raHKoreHa h T.a. npopecc o6pa30BaHHa ayTO(J)arocoM eme HeaocTaTOHHO aceH. 
no oflHHM npeacTaBaemiHM, nepBiimibie aroocoMbi MoryT BbiCTpanBaTbca 
BOKpyr KaeTOHHOH opraHeaabi, canBaTbca apyr c apyroxi h tbkhm o6pa30M 
OTaeaaTb ee ot coceanHx yaacTKOB u,HTonaa3Mbi: yaacTOK OKasbiBaeTca 

OTaeaemibiM xieMopanon h 3aKaioaeHHbiM BHyTpH Taxon caoacHoii aH30C0Mbi 
(cm. pHC. 189). 

EcTb npeanoao'/Kemie, aTO npouecc ayro(f)aroLi,HT03a CB^naii c otSopom h 
y i i n HToace i i n e m H3MeHeHHbix, “caoMaHHbix” KaeToaHbix komhohchtob. B 3tom 
cayaae aroocoMbi BbinonnaiOT poab BHyTpHKaeToaHbix nncTnabuniKOB, 
ko 1 1 t p oa h py i o hi h x aec|)eKaiibie CTpyKTypbi. Taxon aBTOiJiarHH noaBepraiOTca 
MHTOxoHapHH neaeHii, rae Bpexia >xh3hh OTaeabHOH MHTOxoHapHH cocaaBaaeT 10 
alien. HHTepecHO, aTO b HOpMaabHbix ycaoBHax hhcho ayTOcfjarocoivi 
y Bea h l i h BaeTCH npn m eTaOoa n n e c k h x CTpeccax ( HanpHMep, npii ropMOHaabHoi! 
HHayKpHH aKTHBHOCTH KaeTOK neaeHii). 3HaaHTeabHO B03pacTaeT hhcho 
ayro(j)arocoM npH pa3aHaHbix noBpeacaemnix KaeTOK; b stom cayaae 
aBT0(J)ar0Li,HT03y MoryT noaBepraTbca ueabie 30 hbi BHyTpH xaeTOX. 

JlH3QCOMHbie naToaorHH 

YBeaHHeime ancaa aH30C0M b xaeTxax npH naToaorHaecKHx npoueccax - 
oSbiaHoe aBaeHHe. 3to HaSaioaeHHe nocayacnao noaBaeHHio npeacTaBaeHHa o 
tom, aro aH30C0Mbi MoryT HrpaTb aKTHBHyio poab npn nioean xaeTOX. OaHaKO b 
SoabHiHHCTBe cayaaeB CMepTH xaeTXH He npeaniecTBOBaao ocBoSoacaemie 
rnapoaa3 H3 aH30C0M. Boaee toto, aaace npH pa3pbiBe MeMopaiibi aroocoMHbie 
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rHflpOJia3BI flOJDKHBI TCpaTB CBOK) aKTHBHOCTB, nona^aa B U,HTOnJia3My c 
HeiiTpajiBHBiM 3HaneHHeM pH. cpepMeHTBi jih30C0m, HecoMHemio, yaacTByiOT b 
aBTOJiH3e norHSniHx xaeTOx, ho CKOpee Bcero 3to BTOpHHHoe aBaeHHe, a He 
npHHHHa rnSejiH caMHx rjictok. 

CyuiecTByeT paa BpoacaeHHBix 3a6ojieBaHHH, KOTOpBie Ha3BiBaK)T 
JIH30C0MHBIMH “60Jie3HaMH HaKOnJieHHa”. OTJIHHHTeJIBHBIM npH3HaKOM 3THX 
6oae3HeH aBJiaeTca to, hto noa cbctobbim MHKpocKonoM b KJieTKax naSmoaaeTca 
MHoacecTBO Baxyoaeii. HanpHMep, npn 6oae3HH noMne nponcxoaHT HaxonaeHHe 
riiHKoreHa b jiH30C0Max, rae oh He pacmenaaeTca H3-3a OTcyrcTBHa y tbkhx 
Sojibhbix (J)epMeHTa khcjioh oc-rnHK03Haa3&i. Mhothc “6oae3HH HaKOnJieHHa” 
B03HHKaK)T BCJieacTBHe nepBHHHOH tchhoh MyraiiHH, npHBoaameii k noTepe 
aKTHBHOCTH OTaeJIBHBIX (jiepMeHTOB, yHaCTByiOUiHX B (J)yHKU,HOHHpOBaHHH 
JIH30C0M. 

Cennac, k coacaaeHHio, H3BecTHO yace 6oaee 25 tbkhx reHeTHaecxHx 
3a6ojieBaHHH, CBa3aHHBix c naTonorHeii jih30C0m. 

PiaBa 17. EiaaKHH peTHKvavM h apyrae MeM6paHHbie BaKvojiH 

DiaaKHK 3P npeacTaBJiaeT co6oh aacTB MeMOpaHHoii BaxyoaapHoii CHCTeMBi. B 
MOp(j)OJiorHHecKOM OTHomeHHH oh Taxace npeacTaBJieH MeMOpamMH, o6pa3yiomHMH 
MejiKHe Baxyoan h TpySxn, xaHaaBu,&i, KOTOpBie MoryT BeTBHTBca, cjiHBaTBca apyr c 
apyroM. B OTJiHHHe ot rpaHyaapHoro Ha MCMopanax raaaxoro 3P HeT pnoocoM (pnc. 
190). /InaMeTp BaKyoaeii h KanaaBueB raaaKoro 3P oobihiio okoho 50-100 hm. 
BBipaaceHHOCTB ccth h3 sthx MCMopaniiBix aaeMeiiTOB MoaceT 6bitb HeoaHHaxoBoii 
Kax aaa paaaHHiiBix xaeTOx, Tax h BHyTpH oaHoii xaeTKH. EoaBHieii aacTBio Taxne 
raaaxne xaHaaBH,Bi o6pa3yiOT cxonaeHHa, nail 30hbi. Tax, HanpHMep, b xaeTxax 
anKTeana KHHieHHHxa raaaxHH 3P aoxaaH3yeTca raaBHBiM o6pa30M b annxaaBHOH, 
BepxHen aacTH xaeTKH, B6aH3H BcacBiBaiomeH noBepxHOCTH. B xaeTxax neaeHH 
30hbi raaaxoro 3P aacTO CBa3aHBi c MecTaMH OTaoaceHHa raHxoreHa. BcTpeaaiOTca 
xaeTKH, rae raaaxHH 3P 3aHHMaeT ooaBuiyio aacTB oSreMa u,HTonaa3MBi (HanpHMep, 
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B HHTepCTHU,HaJIBHBIX KJieTKaX CeMeHHHXa, B paCTHTCJlBHBIX 5XeJie3HCTBIX 
TepnenoHaoremiBix KJieTKax) . 

Heo/jHOKpaTHO 6Bina ycTaHOBJieHa HenpepBiBHOCTB nepexo^a Mox/iy raa^Koii 
(J)opMoii 3P h rpaHyjiapHOH ero (JiopMOH. HacTO mo>xho HaSniOflaTB, xax u,HCTepHa 
rpaHyjiapHoro 3P TepneT Ha CBoefi noBepxHOCTH ph6ocombi h CTaHOBHTCH “rjia^Koii” 
(pHC. 191). npH 3TOM TaKOH ynaCTOX H,HCTepHBI fleJiaeTCH HepOBHBIM, HaHHHaeT KaK 
6bi bctbhtbch, nepexona b TpySonxH h xaHajiBH,Bi raa^xoro 3P. 3tot ynacTOX nacTO 
Ha3BiBaK)T nepexoflHBiM H3-3a Toro, hto h Men no 3aecB oSpasyiOTCH h OTaenniOTCH 
TpaHcnopTHBie ny3BipBKH, nepeHoeamHe HOBOCHHTe3HpOBaHHBie 6ejixH h jinnH^Bi k 
30He annapaTa Iojib,h5xh. PranKon 3P ^BJiaeTca btophhhbim no OTHomeHHK) k 
rpanyrapnoMy 3P, nponcxonoT H3 nocnennero. Tax, y xpBiceHxa nepen po'/xnenneM 
b nenenoHiibix xneTxax oopasyeTCH SojiBinoe KoannecTBO rpanyrnpuoro 3P, ho cpa3y 
nocjie po>Kaenna noflBjuieTCJi Macca TpySonex raa^xoro 3P. Pan onoxoMnnecKox, 
m o p (J)oa o r n n e c k n x h aBTopaanorpa(j)nnecKnx namiBix npiiBoanT k laKniOHemno, hto 
rpaHyjiHpHBiH 3P yBejiHHHBaeTCH b oSreMe, pacTeT 3a cneT CHHTe3HpyiomHxcfl 
MeMSpaH, KOTOpBie ocTaiOTca b ero cocTaBe hjih, noTepHB ph6ocombi, npeBpamaeTca 
b raaflKHH 3P HanpHMep, npn HcnojiB30BaHHH paanoaxTHBiiBix npeauiecTBenmiKOB 
MeMSpaHHBix KOMnoHeHTOB h npn nojiyHeHHH OT^ejiBHBix (J)paKnnn man koto h 
rpaHyjiHpHoro 3P 6bijio o6napy>xeno, hto npn khtchchehom pa3pacTaHHH man koto 
3P MCTKa BHanajie nojrejraeTCJi b rpanyrapnoM 3P h tojibko cnycTH nexoTopoe BpeMH 
- B TJia^KOM 3P 

HecMOTpn Ha TonorpacjiHHecxyK) cbh3b h oShihoctb npoHCxo^x^eHmi, tth ^Ba 
npeflCTaBHTejiH 3P pe3xo omnnaiOTCH flpyr ot flpyra b (J)yHKu,HOHajiBHOM 
OTHomeHHH. Kax y>xe yxa3BiBanocB, OTcyTCTBHe ph6ocom Ha ma^xoM 3P np^MO 
TOBOpHT O ero HenpHHaCTHOCTH X CHHTe3y SeJIXOB. ,Zl,eflTeJIBHOCTB TJia^XOTO 3P 
CXOpee M05XH0 CBH3aTB C MeTa6oJIH3MOM annOHOB H HeXOTOpBIX BHyTpHXJieTOHHBIX 
nojiHcaxapH^OB. 

ynacTHe raa^xoro 3P b CHHTe3e TpHTJiHpepHflOB h jinnH^OB 6 bijio noxa3aHO 
npn H3yneHHH npopeccoB BcacBiBamm jxnpOB xjieTxaMH xhihchhoto anHTejiHJi. B 
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npocBeTe KHmenHHKa acnpBi pacnaaaiOTca ao acnpHBix khcjiot h MOHoraHpepHaoB. B 
anHKajiBHBix ynacTKax kjictok KHmenHHKa bh^ho npn stom naKonaeinie 
0CMH0(jDHJiBHbix rpaHya BHyTpH npocBCTOB KaHaaBpeB raaaKoro 3P. 3to CBjnano c 
peCHHTe30M HOBBIX TpHrJlHU,epHflOB H3 nOCTynHBHIHX B KJieTKy npeflllieCTBeHHHKOB, 
c o6pa30BaHHeM arninaoB h aHnonpoTenaoB, KOTOpBie c noMombio BaKyoaen 
annapaTa IoaBaacH BBiBoaaTca H3 rjictok h nonaaaiOT b a n m cj 3 ara h e c ko e pycao. 

MeaKHe Kanan annnaoB unoraa b KOMnaeKce c SearaMH mo'/Kiio naoaioaaTB h b 
K aeTKax neHemi, npnweM 3 th Kanan BCTpenaiOTca b noaocrax raaaKoro 3P OKoao 
30 hbi annapaTa IoaBaacH. Ecan KpBicaM aaBaTB BemecTBa, npHBoaamne k 
o6pa30BaHHK) OTaoaceHHH oohbhimx xaneaB acnpa (acnpOBaa aHCTpocjma), to nepBBie 
MeaKne annnflHBie KaneaBKH noaBaaiOTca b raaaKOM 3P, ho HHoraa n b noaocTax 
rpaHyaapHoro 3P 

Taa^KHn 3P ocoSeHHO b SoaBinoM oSneMe BCTpenaeTca b KaeTKax, 
ceKpeTHpyKDmnx CTeponaBi, b Taxnx, KaK KaeTKH KOpKOBoro BemecTBa 
iiaanoHeHiniKa. OcHOBHBie (J)epMeHTBi cnHTe3a CTeponaoB obihm o6napy>KenBi bo 
( jDpaKpnax mhkpocom, o6pa30BaBmnxca npn pa3pymeHnn raaaKoro 3P H3 sthx 
K aeTOK. Taa^KHM peTHKyayMOM ooraTBi HHTepCTHu,naaBHBie KaeTKH ceMeHHHKOB, 
yHacTByiOLiine b CHHTe3e CTeponanbix ropMOHOB, a Tarace KaeTKH caaBHBix aceae3 b 
caMOM nawaae HaKonaeHHa acnpa. 

TecHaa to n o r p acj) h w e c ran CBa3B raaaKoro 3P c OTaoaceHnaMH raHKoreHa 
(3anacHoro b n y t p n kh ctoh i i o ro noancaxapHaa acHBOTHBix h tph6ob) b rnaaonaaaMe 
p aaaHHHBix KaeTOK noKa3BiBaeT Ha 3HaneHHe stoh CBa3H c MeTa6oaH3MOM yraeBoaoB. 
B KaeTKax neHemi, b mbiuichiibix BoaoKHax raHKoreH OTKaaaBiBaeTca b 30Hax, 
CBoSoflHBix ot rpaHyaapHBix uncTepn 3P, ho SoraTBix ny3BipBKaMH h KananBnaMH 
raaaKoro 3P TaKne 30hbi raaaKoro 3P MoryT yBearmriBaTBca b pa3Mepe KaK npn 
Hcne3HOBeHHH raHKoreHa (HanpHMep, npn roaoaaHHH), TaK h npn yBeanneHHH ero 
OTaoaceHHH (pnc. 192 , 193 ). 

B neneHH nacTO yBeanneHHe 30H raaaKoro 3P CBa3aHO c paaoM 
naToaorHHecKHx npoueccoB b KaeTKax. Tax, npn 6ap6HTypaTHBix OTpaBaemiax, npn 
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fleHCTBHH pa3JIHHHLIX KaHU,epOreHOB HJ1H HflOBHTblX BemeCTB, npH fleilCTBHH 
SojiBniHx 03 ropMOHanBHBix npenapaTOB kjictkh nenenn TepaiOT cbokd 
xapaKTepHyK) fljia hhx 6a30(})H3Hio u,HTonjia3MBi, b hhx na/iaeT coaep'/Kanne PHK h 
nOaBJHHOTCa B U,HT0nna3Me OKCHCjDHJIbHbie 30HBI. B 3JieKTpOHHOM MHKpOCKOne 3TH 
30hbi npeflCTaBJieHbi ciconjieHHaMH raa^Koro 3P, sto aBJiemie CBa3aH0 c TeM, hto b 
3thx MecTax npoHexoflOT npoueccbi nerpanamni pa3JiHHHbix Bpeniibix BemecTB, 
npopeccbi MeTaSojiHHecKoii ^e3aKTHBau,nn, KOTOpbie ocymecTBJiaiOTca penbiM pa^OM 
OKHCJIHTeJIbHbIX (J)epMeHTOB, H3 KOTOpbIX HanSoJiee H3BeCTeH 6eJI0K, Ha3bIBaeMbIH 
PHTOxpOM P450. 3tot 6eaoK ynacTByeT b npHCoenHiienini rHflpOKCHJibHOH rpynnw k 
p 33 jihhhbim , noTenuHaabiio onacHbiM b on o n e p a c t b o p m m b i m ymeBonoponaM hjih k 
jiHno(J)HJibHbiM aaoBHTbiM BemecTBaM (HanpHMep, HeTbipexxjiopHCTbiH ymepon), 
nonanaiomHM b MeMSpaHHbiH 6hcjioh. 3necb >xe npyrne (jiepMeHTbi noSaBJiniOT k 
3thm rHflpOKCHJibHbiM rpynnaM OTpHpaTejibHO 3apH/Keinibie MOJieKynbi (cyjibcjiaT, 
ruKDKypOHOBaa KHCJiOTa), hto neJiaeT MCTaSoaiiTbi hjih Bpennbie jiHnocjiHJibHbie 
BenjecTBa pacTBOpHMbiMH b Bone, H3-3a Hero ohh MoryT BbiBonHTbca H3 opraHH3Ma 
BMecTe c mohoh. Pa3pocniHHca rjia^KHK 3P b KJieTKax neneHH nocjie ynajieHHn 
TOKCHHeCKOrO BeUieCTBa yilMHTO'/KaeTCfl, BepOHTIIO, C IlOMOLHblO J1H30C0M - 
aBTO(j)arocoM. 

B nonepeHHonojiocaTbix Mbimpax BaKyojiH h Kaiian bi man koto 3P 
(capKonjia3MaTHHecKHH peTHKyjiyM) OKpy>KaiOT Ka>Knyio MH0(j)H6pHJiJiy (pnc. 194). 
3necb 3P BbinojiH^eT cnepHajibHyio (J)yHKu,Hio nenoHHpOBaHHn hohob Kajibipia. B 
npHCyTCTBHH ATO OH MO/KCT 3KTHBH0 n OHIO HI 3Tb H HaKanJIHBaTb HOHbl KaJIbU,H3, HTO 
npHBOflHT k paccjiaSjieHHH, MbimenHoro BOJiOKHa. Bcjikh Kajibu,HeBoro Hacoca 
aBJiaiOTCfl HHTerpajibHbiMH 6ejiK3MH MCMopan capKonjia3MaTHHecKoro peTHKyjiyMa. 

Cpenn BbicniHx pacTeHHH raa^KHK peTHKyjiyM BCTpenaeTca b KJieTKax TKaHeii, 
ynacTByK)HiHx b CHHTe3e h TpaHcnopTe TepneHOB, CTeponnoB, jinnH^OB. 

BaKYOJlH paCTHTeJIbHbIX KJieTOK. 

KjieTKH KaK HH 3 HIHX, TaK H BbICHIHX paCTHTeJIbHbIX OpraHH 3 MOB COHep>KaT B 
u,HTonjia 3 Me BaKyojiH, necymne pan BaacHbix cj) him oh o r n He ckhx Harpy 30 K (pnc. 195). 
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y MOJIOflBIX KJieTOK MO>KeT OBITB HeCKOJIBKO MCJ1KHX BaKyonen, KOTOpBie no Mepe 
pocTa n ^H(J)(|)epeHu,HpoBKH KJieTKH cjiHBaiOTca flpyr c flpyroM n o6pa3yiOT o^Hy hjih 
HecKOJiBKO KpynHBix BaKyonen, 3aHHMaK)innx %o 90% oSneMa Been kjictkh. 
U,eHTpajiBHBie BaKyonn OTflejieHBi ot u,HTonjia3MBi oflHHapHon MeMSpaHon, cxo^hoh 
no TOJiinnHe c njia3MajieMMon. Meiviopana, o r p a n h mi b a i o ui a a peHTpanBHBie BaKyonn, 
hocht Ha3BaHne TOHonnacTa. Bo3HHKaiOT u,eHTpajiBHBie BaKyonn H3 MenKnx 
ny3BipBKOB, OTuieniiBunixcH ot annapaTa TonB^ncn. TaKne nepBinnibie BaKyonn 
pacTyT b oSBeivie, cmiBaiOTca npyr c npyroM n b KOHpe kohu,ob o6pa3yK)T onny nnn 
HecKonBKO KpynHBix BaKyonen, OTrecmnoninx u,HTonna3My c n^pOM n opraHon^aMH 
k nepncJiepHH KneTKH. IIonocTB BaKyonn 3anonHeHa TaK Ha3BiBaeMBiM KneTOHiibiM 
cokom, n p en c t a Bn a i o m m m co6on bo^hbih pacTBOp, b kotopbih BxonaT painHHiibie 
neopraiiMHecKiie conn, caxapa, op ran m nee kmc KncnoTBi n nx conn n npyrne 
HH3KOMoneKynnpHBie coenuneinni, a TaKnce HeKOTOpBie b bi c o kom on e Kyn a p n bi e 
BeinecTBa (HanpnMep, SenKn). 

H,eHTpanBHBie BaKyonn pacTeHnn BbinommoT MHoroo6pa3Hbie n BancHBie 
(J)yHKu,nn. O^hoh H3 rnaBHBix ee (J)yHKu,HH nBnneTcn no^epncaHHe TypropHoro 
naBneinia KneTOK. PacTBOpeHHBie b coKe BaKyonen MoneKynBi onpenenaiOT ero 
ocMOTHnecKyio KOHu,eHTpan,Hio . CooTBeTCTByiouiaa MoneicynnpHan KOimenTpamia 
coKa BaKyonen n nonynpOHnu,aeMBie CBOHCTBa KaK ee MeM6paHBi, TOHonnacTa, TaK n 
nna3ManeMMBi cnocoScTByiOT TOMy, hto BaKyonn (J)yHKu,noHHpyeT b KanecTBe 
ocMOMeTpa n npunaeT KneTKe neoSxonniviyio npoHiiocTb n Typrncu,eHTHOCTB 
(HanpnnceHHO ctb) . 

,Z],pyran cJiyiiKmia onpenenaeTCH TeM, hto BaKyonn npencTaBnaeT co6on 
oonbuiyio nonocTB, OTnenennyio ot MCTaSon n py io me n rnanonna3MBi MCMopanoH, 
TOHonnacTOM, oSna^aioninM CBOHCTBaMH nonynpOHnu,aeMOCTH n nepe3 KOTpBin 
MO/K6T nponcxoflHTB, KaK h nepei n n as m aran e CKy i o MCMopany, aKTHBHBin TpaHcnopT 
pa3nnnHBix Moneicyn. B TOHonnacTe oSHapynceH AT9>-3aBHCHMBiH H + -Hacoc, 
HanpaBneHHBin BHyTpB BaKyonen, ynacTByiomnn b TpaHcnopTe caxapOB. IIoTTOMy 
Baicyonn MoryT ncnonbiOBaTbca KneTKaMH KaK HaKonnTenBHBie pe3epByapBi He 
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tojibko OTno/xemia sanacnbix BemecTB, ho h ana Bbi6poca m e t a 6 o n h t o b , ana 
3KCKpeu,HH. Tax BbiBoaaTca, ceicpeTHpyiOTca H3 KneTKH Bee BoaopacTBOpHMBie 
MeTaSonHTti. HepacTBOpHMbie b Boae opraHHHecxne KOMnoHeHTBi MoryT 
npeBpauiaTbca b pacTBOpHMbie rai0K03Habi, coeaHHaacb c MoneKynaMH caxapOB. 
nepeneHb 3 kx xpeT n pye m bi x b BaicyonH m e t a 6 o n h t o b ohciil 06 him pen. 3to 
paannHiibie anKanonabi (HanpHMep, hhkothh, Kocjienn) h nonncjieHonbi. B Baxyonax 
npoHexoaHT OTno/Kemie mho nix rnK)K03HaoB, k KOTOpbiM OTHOcaTca pamnHiibie 
nHrMeHTbi, HanpHMep aHTon,naHbi. 

H3 neopraiiHHecKHx BemecTB b BaxyonapHOM coxe naKanniiBaiOTca (f)oc(j)aTbi 
xanna, Harpna, xanbpna, MoryT HaxannHBaTbca conn opraHHHecxnx xncnoT 
(oxcanaTbi, pmpaTbi h ap-)- r ^ T0 npnnacT BaxyonapHOMy coxy OTHCTnnByio xHcnyio 
peaxpmo (pH ot 2 ao 5). 

TaxHM o6pa30M, mo>xho CHHTaTb, hto TOHonnacT ynacTByeT b npoueccax 
3xcxpeu,HH. 

,U,pyroH oSuinpiibiH paa (JiynxnHH Baxyonen CBa3aH c iiaKonnemieM 3anacHbix 
BemecTB, Taxnx, xax caxapa h 6enxn. Caxapa b Baxyonax coaepncaTca b BHae 
pacTBOpOB, BCTpenaiOT ca h pe3epBHbie nonncaxapHabi mna HHynnHa. B Baxyonax 
nponcxoaHT 3anacaHHe SenxoB, hto xapaxTepHO a^ ceMaH. nociynneHne SenxoB b 
Baxyonn, BepoaTHee Bcero, CBa3aHO co cnocoSHOCTbio Baxyonen 3P h Ar cnHBaTbca 
c TOHonnacTOM. 3anacamie SenxoB ceMaH 3naxoBbix nponcxoaHT b Tax Ha3biBaeMbix 
anenpOHOBbix Baxyonax, xoTOpbie 3anonHaK)Tca anbSyMnnaMH h moSynnnaMH, 
nocne nero Baxyonn o6e3B05XHBaK>Tcn, npeBpainaacb b TBepaxie anenpOHOBbie 3epHa. 
npn npopacTaHHH ceMaH sth 3epHa o6BoaHaK)Tca h CHOBa npeBpamaiOTca b 
Baxyonn. B Taxnx HOBOo6pa30BaHHbix Baxyonax BbiaBnaeTca axTHBHO ctb HexoTOpbix 
(jDepMeHTOB, xncnon (})0C(JiaTa3bi, a-aMnna3bi, rnK)X03naa3bi, npoTenHa3bi n PHKa3bi. 
CneaoBaTenbHO, anenpOHOBbie Baxyonn OTnacTH HanoMHHaiOT nn30C0Mbi, rae 
nponcxoaHT nepeBapHBaHne 3anacHbix SenxoB npn npopacTaHHH ceMaH. 

rnaponHTHHecxne (j)epMeHTbi 6binn oonapy/xenn He Tonbxo b anenpOHOBbix 
Baxyonax, ho h b Menxnx n xpynHbix neiiTpanbiibix Baxyonax. HaSnioaanacb 
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Heo^HOKpaTHO nHBarnHau,na, BnaHHBaHHe TOHonnacTa BHyTpB BaKyojieii, npn stom 
nacTb “BT^HyToro” MaTepHana OKasbiBaeTca b nonocTH BaKyonH h TaM ^erpa^HpyeT. 
Bo3mo>kho, TaK BbinoanaeTca ayTO(j)arnHecKaH cj)ynKLuia BaKyoneH, ywacTByioiHHx b 
rHflpOJIH3e ae(j)eKTIIbIX KJieTOHHbIX KOMnOHeHTOB. J1H30C0MHBIMH CBOHCTBaMH 
oSaaaaiOT BaKyonH apo/K/Ken. Ebino o6napy>Keno, hto ctchkh BaKyonefi apo>K/KeH 
T05Ke MoryT o6pa30BbiBaTb BnaHiiBanmi BHyTpb, 3aTeM ohh OTmemaiOTCH ot 
TOHO nnaCTa H paCTBOpflIOTCfl BHyTpH BaKyOJIH. 

CfrepocoMbi 

3to MeMSpaHHbie ny3bipbKH, BCTpenaioiHHecfl b KJieTKax pacTeHHH, ohh 
OKpaHIHBaKDTCM JIHnO(])HJIbHbIMH KpaCHTeJiaMH, HMeKDT BbICOKHH K03(J)(j)HU,HeHT 
npejiOMJieHHa h nosTOMy xoporno bh^hbi b cbctoboh MHKpocKon. C(j)epocoMbi 
oopasyiOTca H3 3JieMeHTOB 3i i/io naasMaTH nee ko ro peTHKynyMa. Ha KOHpe miCTepiibi 
3P HanHHaeT HaKanjiHBaTbCH 0CMH0(j)HJibHbiH MaTepnaji, 3aTeM ot stoto ynacTKa 
OTHiHypOBbiBaeTCM h HanHHaeT pacTH mcjikhh ny3bipeK, ^ocTHraiOHiHH ^naMeTpa 
0,1 -0,5 mkm. 3to “npocc^epocoMa”, OKpyjKeHHan o^HHapHOH MeMOpaHOH. Poct 
c(J)epocoM h nepecTpoiiKa hx coAep^KHMoro CBioaHbi c HaiconjieHHeM b hhx Macjia, 
Tax hto c(f)epocoMa nocTeneHHO npeBpamaeTca b Macjnfflyio Kamno. OTJio>xeHHe 
JHfflHflOB HaHHHaeTCH MOKfly OCMHO(J)HJlbHbIMH CJIOHMH MeMOpaHbl. KpOMe 5KHpOB B 
cocTaBe ccj)epocoM o6napy>KMBaiOT ochkh h epean hhx (j)epMeiiT annaay, 
pacmemnnomyK) jinnH^bi. 

IlepOKCHCOMbl (MHKpOTeJIblia) 

3to HeOojibHiHe BaxyojiH (0,3- 1,5 mkm), ofleTbie o^HHapHon MeMOpaHoii, 
OTrpaHHHHBaKDHieH TpaHyjiHpHbiH MaTpHKC, b pempe KOTOporo paenojiaraeTCH 
cepaueBinia, hjih nyKaeoHa (minero He hmciouhih oOuiero c HyKJieoHflOM SaKTepHH 
h Bo6me k a^epHbiM CTpyxrypaM He OTHoeaiHHHca). 

B 30He cepflpeBHHbi nacTO, ocoSeHHO b nepOKCHCOMax neneHOHHbix KJieTOK, 
BHflHbi KpHCTajuionofloOHbie CTpyKTypbi, cocToamne H3 perynapno ynaKOBaHHbix 
(J)h6phjiji hjih TpySoneK. H30JiHp0BaHHbie cepaueBiinbi nepOKCHCOM conep'/KaT 
(J)epMeHT ypaTOKXHaaay (pnc. 196, 2076). 
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IlepOKCHCOMBi oSHapyaceHBi y npocTeHHiHx (aMeObi, TeTpaxHMeHa), y hh3hihx 
rpHOOB (apO'/K/KH), y BBICIHHX paCTCHHH B II C KOTOpBIX 3M6pHOHaJIBHBIX TKBIIHX 
(3H^ocnepM) h b 3ejieHtix nacTax, cnocoSHBix k (j)OTOpecnnpai],nn, y bbichihx 
n03B0H0HHBIX aCHBOTHBIX OHH o6liapy>KMBaiOTCH TJiaBHBIM 06pa30M B neHeilH H 
noHKax. B neneiiH KpBic Ha KJieTKy hhcjio nepoKCHCOM KOJieSjieTca ot 70 100. 

IlepOKCHCOMBi HaCTO JIOKaJIH3yiOTCa b6jIH3H MeMOpaH 3P. y 3eJieHBIX paCTCHHH 
nepOKCHCOMBI HaCTO IiaXOaHTCfl B TeCHOM KOHTaKTe C MHTOXOHflpHUMH H 
njiacTH^aMH. 

BnepBBie nepOKCHCOMBI 6 bijih bbiacjichbi H3 neneiiH h nonex. Bo (j)paKu,Hiix 
nepoKCHCOM oSHapyacHBaeTca (J)epMeHTBi, CBH3aHHBie c MeTa6ojiH3MOM nepeKHCH 
Boaopoaa. 3to (J)epMeHTBi (oKciiaasBi, ypaTOKcnaasa, OKCMaasa d-aMHHOKHCJioT) 
OKHCJiHTejiBHoro £ e 3 a m huh p o Banna aMHHOKHCJiox, npn paSoTe KOTOpBix oSpaayeTca 
nepeKHCB BOflOpo^a (H 2 0 2 ) h KaTajia3a, pa3pymaiomaa ee. B nepOKCHCOMax neneHH 
KaTana3a cocTaBJiaeT %o 40 % Bcex SejncoB h ji0KajiH30BaHa b MaTpHKce. Tax KaK 
H 2 0 2 aBJiaeTCa TOKCHHeCKHM BCIHCCTBOM flJia KJieTOK, TO KaTaJia3a nepoKCHCOM 
MoaceT HrpaTB Ba'/Kiiyio 3amHTHyio pojiB. IlepOKCHCOMBi HbinajiT h jiarymeK KpOMe 
ypaTOKCH^a3Bi coaepacaT paa (J)epMeHTOB KaTa6ojiH3Ma nypHHOB. 

y aCHBOTHBIX H HCKOTOpBIX paCTCHHH (npOpOCTKH KJIdHCBHHBl) nepOKCHCOMBI 
nrpaiOT BaacHyio pojiB npn npeBpameHHH acnpOB b yracBOziBi. TaK, b KJieTKax 
3H^ocnepMa kjicbcihhhbi b nepOKCHCOMax (rjiHOKCHCOMax) co,nepacaTca (j)epMeHTBi 
rjiHOKcajiaTHoro u,HKJia. 

nepOKCHCOMBI He COflep>KaT HHKaKHX HyKJieHHOBBIX KHCJIOT H Bee SeJIKH, H3 
KOTOpBix OHH COCTOHT, KOflHpyiOTCa aflepHBIMH TCHaMH, HO HX OTIIOCHT K 
c a m o p e n p o h y H h p y io lh m m c a opraHejuiaM. B nepOKCH^ax nponcxo,THT HaKonjieHHe 
CneU,H(j)HHeCKHX SeJIKOB, KOTOpBie C HHTe 3Hpy K)T Ca B H,HT030Jie, h hmciot cboh 
CH raajiBHBie ynacTKH. B MeMOpaHe nepoKCHCOM ecTB peu,enTOpHBiH SejiOK, KOTOpBiii 
y3HaeT TpaHcnopTHpyeMBie Oca km. Ecjikh MCMopan nepoKCHCOM, Taxace kbk h 
annH^Bi npnxoflaT H3 miT03oaa. TaKoe iiaKonaeime co^epacHMoro h pocT MCMopaiibi 
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npHBOflflT k oSmeMy pocTy nepOKCHCOMbi, KOTOpaa 3aTeM c noMom&io Hen3BecTHoro 
noKa MexaHH3Ma ^enHTCM Ha ^Be - caMOpenjiHu,HpyeTca. 

CeKpeuHH 6ejiKOB h o6pa30BaHMe Meivi6paH v 6aKTepHH 

B npHHu,Hne pocT n a as m bt m h e c ko h MCMopaobi h ee npoH3BOflHBix y OaxrepHH 
npoHCxo^HT TeM ace o6pa30M, hto h o6pa30BaHHe MCMopan y ayKapHOTHnecKHx 
KJieTOK. 

Rax H3BecTHO, CHHTe3 6enKOB y SaxTepHH oeymecTBaaeTCH Ha 70s pnOocoMax, 
KOTOpBie TBK/Ke, KBK H y KJieTOK BBICHIHX OpraHH3MOB, HMeiOT HBOHKyiO 
jiOKajiH3au,Hio. BojiBHiaa hbctb p moo com SaKTepnajiBHBix khctok o6pa3yeT nojincoMBi 
b u,HTonjia3Me, okojio 25% phSocom CBH3aHO c njia3MaTHHecKOH MeMSpaHoii. TaKHe 
PhSocombi ynacTByiOT xax b CHHTe3e SejiKOB MeMSpaHbi, Tax h b CHHTe3e 
TKCKpeTHpyeMBix SejiKOB. Moonie SaKTepnajiBHBie kjictkh nonynaiOT nHTaTejiBHBie 
BemecTBa 3a cneT flerpa^apHH nojiHMepOB okojio SaKTepnajiBHoii noBepxHOCTH. ,Z],3H 
3toto SaKTepHH ^oji>KHBi BBi^ejinTB THflpojiH3HpyiOHiHe (jiepMeHTBi b OKpy'/Kaiouiyio 
cpeay. 3to ohh aeaaiOT HaMHoro npome, hcm lyKap moth hoc kmc kjictkh: hbctb hx 
P MOO COM, JI0KaJIH30BaHHBIX Ha BHyTpeHHeil (u,HT0nJia3MaTHHeCK0il) nOBepXHOCTH 
njia3MaTHHecKoii MeMopaobi, CHHTe3HpyeT oca km, KOTOpbie, noaoooo ceKpeTOpHbiM 
063 KBM, npOXOflUT HCpC3 MCMOpBMy H OKaiLIBBIOTCH BHe KJieTKH. BblfleJieHHbie 
THflpojia3bi 3acTpeBaiOT b KOMnoHeHTax MypeHHOBoii 6axrepHa3bH0H ctchkh h TaM 
(J)yHKu,HOHHpyiOT. Ha apynix p moo com ax, CBimmibix c MeMopaoaMM, mhct cmmtcj 
SejiKOB fljia nocTpoeHHa caMoii MCMopaMbi, noaoOoo TOMy, hto npoHCxo^HT b 
rpaHyjwpHOM 3P ayKapHOTHnecKHx KJieTOK. Tax hto b 3tom OTHomeHHH SaxTepHio 
M03CH0 ynOHOOMTb BBKyOJIH TpaHyjiapHOTO 3P, BbIBepHyTOH HaH3HaHKy. 

Ha npHMepe SaxrepHH xoporno osyneM nyTb CHHTe3a jninMjnibix komhohchtob 
M eMSpaH. Tax, 6 bijio oaMHCMO, hto CHHTe3 (}) o ccj ) 03 t m a m 33 t a m o 3 a m m m a npoMCxoanT c 
nOMOIHbK) (jjepMCMTOB, HBJHHOIHHXCH HHTerpaJIbHbIMH 063 KB MM M 3 a3 M BT M H 6 C KO M 
MCMOpaMbl, BKTHBHbie yHBCTKH KOTOpbIX HaX0fl3TC3 Ha U,HT0n3a3MaTHHeCK0H CTOpOHe 
MeMSpaHbl. CHHTe3HpOBBHHbie 3/ieCb 3HnH7TbT BCTpaHBBIOTCH BO BHyTpeHHHH 
3HnHflHbIH C30H. OKa3a30Cb, HTO HOBOCHHTe3HpOBBHHbie 3HnHflbI ^0B03bH0 ObICTpO 
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o6Hapy5KHBaK>TOi h bo BHemHeM cnoe MeM6paHbi 3a cneT paSoTbi nepeHOCHHKOB - 
(juiHnna3. 

HacTb V. U,HTonjia3Ma: CMCTeMbi 3Heproo6ecneqeHMH kjictok 

^jni ocymecTBJieHHa jikdSbix kjictohhbix c})yiiKmiii neoSxo^HMbi 3aTpaTbi 
BHeprHH. )KHBBie opraHH3MBi nojiynaiOT ee, hjih Hcnojib3ya BHeniHHe hctohhhkh, 
HanpHMep 3a cneT 3Heprnn CojiHpa, hjih >Ke Hcnojib3ya 3HeprHio nepeHOca 
3JieKTpOHOB npn OKHCJieHHH pa3JiHHHBix cyScTpaTOB. B o6ohx cjiynaax KJieTKaMH 
CHHTe3HpyK)Tca MOJieKyjiBi ATcP (aae n o 3 h iit p n (}) o c c|) aT ) , iieKan pasMeimaH 
“TonjiHBHaa” eflHHHpa, oSjia/iaiomaa BbicoKOSHepreTHHecKHMH (J)occj)aTHBiMH 
cbk3hmh, npn pa3pymeHHH KOTOpBix BbiaeaaeMaH niepnia MO>KeT TpaTHTbcn Ha 
jiK)6bie KJieTOHHbie (J)yHKu,HH: Ha aKTHBHbiii TpaHcnopT BemecTB, Ha CHHTeTHHecKHe 
npopeccbi, Ha MexamniecKyio pa6oiy h t .a. (pnc. 197). B KJieTKax ^khbothbix chhtc3 
AT<I> ocyniecTBJiaeTca cneu,HajibHbiMH opraHejuiaMH, mhtoxohaphumh, b 
pacTHTejibHbix KJieTKax KpOMe mhtoxohaphh b 3iieproo6ecne L ieiinii orpOMHyio pojib 
HipaiOT xjioponjiacTbi, oahh H3 bhaob njiacTHA. 3th ABa opraHOH^a hmciot o6ihhh 
cxoahbih njiaH CTpoeiiiia, h BbinojnmoT cxoaiibic 3iiepreTii L iecKne (jiyHKiiHH. 
Mhtoxohaphh h njiacTHflbi - aByMeMopamibie opranoiiABi 3y Kap 11 ot 11 h e c k h x kjictok. 

06iHHM B HX CTpOeHHH HBJIHeTCH TO, HTO OHH OT^eJieHbl OT U,HTOnJia3MbI 
(rHajionjia3Mbi) AByMn MeM6paHaMH - BHeniHeii h BHyTpeHHeii. IIosTOMy y 
MHTOXOHflpHH H nJiaCTHA pa3JIHHaiOT flBe nOJIOCTH HJIH npOCTpaHCTBa: oaiiy Me'/KJiy 
BHeniHeii h BHyTpeHHeii MeM6paHaMH (Me5KMe6paHHbie) h Apyryio, ocHOBHyio 
(MaTpHKc), orpaiiHHemiyio BHyTpeHHeii MeMopaiioii. ^pyroii o6ineii HepToii b hx 
CTpoeHHH aBJiaeTCn to, hto BHyTpeHHeii MeMSpaHa o6pa3yeT CKJia^KH, mchikh, 
rpeomi, raySoKHe BrnmiiBainui, HanpaBJieHHbie BHyTpb MaTpHKca. Ha TaKHx 
MeMSpaHHbix rpeSroix h BnanHBaHHax jiOKajiH3yiOTCM aKTHBHbie MeTaSojnraecKHe 
peHTpbi 3thx opraHejui - nojiiicjiepiYieiiTiibie KOMnjieKCbi, onpeaeaHiounie 
BbinOJIHeHHe OCHOBHbIX (J)H3HOJIOTHHeCKHX (J)yHKU,HH (OKHCJIHTeJIbHOe 
(|)OC(j)OpHJIHpOBaHHe A JIB MHTOXOHApHH, (j)OTO(|)OC(j)OpHJIHpOBaHHe 

xjioponjiacTOB). B MaTpHKc e h Tex, h apymx pacnojiaraiOTca uieivienTbi 
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a bto p e n p on y k n m h sthx xaeTOHHbix MCMopainibix opraneaa n noKajiH30BaHbi 
(J)epMeHTbi HeKOTOpbix MCTaSoa h nee khx nponeccoB. CucTeivia aBTopenpoayxnnH 
aByMeMopamibix opraneaa npeacTaBaena ,ZJHK, PHK n pndocoMaMH, KOTOpbie MoryT 
onpeaeaaTb nacTb reiieTimecKiix, aBTOHOMHbix cbohctb sthx CTpyKTyp. 

DiaBHbiMH (J)yHKu,noHajibHbiMn Harpy3KaMH nuacTHfl n m n t o x o i i a p h h aBaaiOTca 
npopeccbi 3HepreTHnecKoro xapaxTepa, npnBoaamne k cnHTe3y cnepncfiHHecxHx 
MOJieKyn an e 1 1 o 3 n 1 1 t p n cji o cc}) aT a (ATO), aBaaionmxca aonopaiviH siieprim jiK)6bix 

KJieTOHHbix npopeccoB. 

B MHT0X0HflpH3ix, xnoponnacTax, Tax ace xax b daxTepnax, ATO cwiTeanpyeTca 
OflHHM H TeM >xe CnOCOdOM! C nOMOmbK) 3HeprHH, OT^aBaeMOH 3JieXTpOHaMH npH 
npoflBH>xeHHH nx no 3JiexTpOHHOTpaHcnopTHon n,enn deaxoB BHyTpeHHnn 
MeMSpaHbi, nponcxoflHT nepeHOC, “nepexanxa” npOTOHOB c BHyTpeHHen CTOpOHbi 
MeMSpaHbi Ha BHemmoK). BcaeacTBne stoto B03HnxaeT aaexTpoxHMnnecxHH 
npoTOHHbin rpaaneiiT, 3iieprna xoTOporo c noMonibio apyrnx deaxoB ncnoabayeTca 
aaa CHHTe3a ATO. 

B xnoponnacTax pacTeHnn, xpOMe Toro, npn ncnojib30BaHnn 3Heprnn ATO, 
o6pa30BaHHon b pe3yjibTaTe (}) o c (}) o p h a m p o Ban h a , nponcxoanT BaacHenmnn 
SnonornnecxHii npopecc - CBa3biBaHne CO 2 n chhtc 3 yraeBoaoB. 

PiaBa 18. MHTOXOHiipHH - CTpoeHHe h (frymcium 

MriTOxonnpim xax opraneaabi cnHTe3a ATO xapaxTepHbi, 3 a ManbiM 
HCXJiKDneHneM, ana Bcex ayxapHOTnnecxnx xneTOx xax ayTOTpo(J)Hbix 
((|)OTOCHHTe3HpyK)inHe pacTeima), Tax n reTepOTpo(J)Hbix (/XHBOTiibie, rpndbi) 
opraHH3MOB. Hx ocHOBHaa (J)yHxu,na CBa3aHa c oxncaeHneM opraHnnecxnx 
coeflHHeHHH n ncnojib30BaHHH ocBodoacaaioinenca npn pacnaae sthx coeanHeHnn 
3Heprnn b cnHTe3e MOJiexyji ATO. nosTOxiy iyihtoxoiihphh nacTO Ha3biBaiOT 
3HepreTnnecxHMH CTaminaMH xaeTxn. 

Oduiaai MopcfrojiorHH 

MHTOxoHflpnn nan xoimpiiocoivibi (ot rpen. mitos- HHTb, chondrion- 3epHbimxo, 
soma- Tejibpe) npeacTaBaaiOT codon rpanyaapiibie nan iiiiTeBnaiibie opraHeaabi, 
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npncyTCTByiomne b u,HTonna3Me npocTeiimHx, pacTeHHH h jxhbothbix (pnc. 198). 
Mhtoxoh^phh mo'/Kiio naSaioaaTb b jxhbbix KJieTKax, Tax xax ohh oSaaaaiOT 
JJOCTaTOHHO BBICOXOH IIJIOTHOCTBK) . B HCHBBIX KJieTKax MHTOXOHflpHH MOryT 

ABHraTBca, nepeMemaTbca, cnHBaTbca flpyr c flpyroM. Oco6emio xopomo 
mhtoxohaphh bbmbji5ik)tcm Ha npenapaTax, OKpameHHBix pajama ibi mm cnocoSaMH 
nocjie ocMHeBoii (JmxcaiiHH, xoTOpaa xopomo CTa6HJiH3HpyeT annHjibi. HanSoaee 
mHpoKO pacnpocTpaHeH mctoh oxpacKH no AnbrnaHy, xoTOpbiii onncaa 3 th 
KJ ieTOHHbie opraHemibi b xoHpe no3anpomjioro Bexa, Ha3biBaa hx “SnoSiiacTaMH”. 

Pa3Mepbi MHTOxoHflpHH OHeiib HenocToaHHbi y pa3Hbix BHflOB, Tax ace xax 
H3MeHHHBa hx (J)opMa (pnc. 199). Bee ace y SoabiHHHCTBa xjieTOx TOJimnHa sthx 
CTpyxiyp OTHOCHTejibHO nocToanna (oxojio 0,5 mxm), a aamia xoaeSaeTca, aocTMraa 
y HHTnaTbix (J)opM jj o 7-60 mxm. Hano cxa3aTb, hto MjyHeniie BejiHHHHbi 
MHTOxoHflpHH - He npocToe jjeao. B cbctobom MHxpocxone Ha oxpameHHbix 
npenapaTax He Bcer^a Moamo npocaejpiTb 3a peajibHbiMH pa3MepaMH mhtoxohjiphh 
(pnc. 200, 201a). TbyHaa mhtoxohjiphh b 3JiexTpOHHOM MHxpocxone Ha 

yjibTpaTOHXHx cpe3ax, TpyzjHO pemHTb Bonpoc 06 hcthhhoh na line m h to xo h jip h h , 
Tax xax Ha cpe3 nonajjaeT tojibxo He3HanHTejibHbiH o 6 beM camion mhtoxohjiphh. 
Bojiee toto, Ha cpe3e oana MjBMTaa mhtoxohjjphh MoaceT 6bitb npeacTaBaena 
HecxojibXHMH ceneHHMMH (3-5), h tojibxo npocTpaHCTBeHHaa TpexMepHaa 
pexoHCTpyxu,Hn, nocTpoeHHaa Ha royneHHH cepHHHbix cpe30B, MoaceT pemHTb 
Bonpoc, HMeeM jih mbi ,ae.no c 3-6 OTjjejibHbiMH mhtoxohjjphhmh hjih ace c ojjhoh 
H30THyT0H hjih pa3BeTBJieHHoii. BbmeaeHHbie MHTOxoHjipHH oSbihho noBpeacjjaiOTCfl 
h (jiparMeHTHpyiOTCii, hto Taxace orpaHHHHBaeT Hcnojib30BaHHe stoto MCTona jjaa 
pemeHHa Bonpoca o BejiHHHHe h HHCJie mhtoxohjiphh. 

B nocaeanee BpeMH Bonpoc o Beamnnie h micae m iitoxo na p n ii 3aHHMaeT 
mhothx HceaeflOBaTeaeii b cbh3h c TeM, hto Ha pajje oSbexTOB noxa3aHO, hto 
pa3Mepbi h HHcao MHTOxonapnii, xoTOpbie bhjjhbi Ha yabTpaTOHxnx cpe3ax, He 
eooTBeTCTByiOT peaabHOCTH. Tax, b xaeTxax apoacaceii Ha cpe3ax BbiaBaaeTca 5-7 
CeneHHH MIITOXOnapUll; MOaCHO BBICHHTaTB, HTO 3TO HHCaO COOTBeTCTByeT 
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HeCKOJIBKHM HeCaTKEM MHTOXOHppHH. OflHaKO npH HCn0JIB30BaHHH BBICOKOBOJIBTHOH 
3JieKTpOHHOH MHKpOCKOnHH, n03B0JIHI0HieH HCCJiepOBaTB oSbCKTBI TOJIIHHHOH £0 
HeCKOJIBKHX MHKpOH, 6bIJ10 oOliapyaceilO, HTO B KJieTKaX apO'/K/KCH eCTB Bcero JIHmB 
HeCKOJIBKO (1-3) CHJ1BHO pa3BeTBJieHHBIX MHTOXOHflpHH (pHC. 202). ECTB paHHBie, HTO 
HHCJIO MHTOXOHflpHH H PJIH PpyTHX KJieTOK HyaCHO CHHTETB 3aBBimeHHBIM H3-3a 
cjioacHO cth CTpyKTypBi pa3BeTBJieHHBix mhtoxohpphh. Eojiee TOTO, nOHBHJIHCB 
npeacTaBaenuji o tom, hto b ophokjictohhbix opraHH3Max ecTB Bcero opna 
MHTOxoHflpHa, ho chjibho pa3BeTBJieHHaa. Tax, y TpHnaH03M b KJieTKe npHcyTCTByeT 
OflHa niraiiTCKaa mhtoxohpphh, HMeiomaa cjioaoiyio pa3BeTBJieHHyK) (j)opMy. 

I nrHanTCKHe oannoHiiBie mhtoxohpphh 6bijih onHcaHBi ana opHOKJieTOHHBix 
3eneHBix BOflOpocjieii (Polytomella, Engiena, Chlorella) (pnc. 203). ^jihhhbic 
BeTBamneca MUTOxoiinpun 6bijih onHcaHBi b KJieTKax KyjiBTypBi tkeiih 
MJieKOnHTaKDHIHX, B KJieTKax MHOTHX paCTCHHH KaK B HOpMaJIBHBIX, TaK H B 
aHaapoOHBix ycjiOBHax. B nocjiepHee BpeMa CTaji ninpoKO npHMemiTBCH pjia 
H3y Henna cbohctb mhtoxohpphh (JmyopoxpOM popaMnn. 3tot KpacHTejiB oSjiapaeT 
CnOCOSHOCTBK) JIK)MHHHCU,HpOBaTB B (jlHOJieTOBOM CBeTe, eCJIH OH CBa3BIBaeTCH c 
MeMOpaHaMH ekthbhbix mhtoxoii,tphh. npH ttom b niOMnnncnenTiiOM MHKpocKone 
BHflHa epnnaa m n to xo n h p n an r n b a CHCTeMa - m htoxo up p n an r n ri h peTHKyjiyM (pnc. 
200, 201a). 

OOBiHHBie ace noncneTRi noKa3BiBaiOT, hto Ha neneHOHHyio KJieTKy npoxopoTca 
okojio 200 MHTOxoHflpHH. 3to cocTaBJiaeT 6ojiee 20% ot o6mero oSReMa 
u,HTonjia3MBi h okojio 30-35% ot o6mero KonnnecTBa 6ejnca b KJieTKe. ILnomapB 
noBepxHOCTH Bcex mhtoxohpphh neneHonHOH kjictkh b 4-5 pa3 SojiBine 
noBepxHOCTH ee njia3MaTHHecKoii MCMopanBi. EojiBine Bcero mhtoxohpphh b 
oou,HTax (okojio 300000) h y thtehtckoh aMeOBi Chaos chaos (no 500000). 

B KJieTKax 3ejieHBix pacTeHHH hhcjio MiiTOxoiippini MeHBine, hcm b KJieTKax 
5KHBOTHBIX, TaK KaK HaCTB HX (J)yHKU,HH MOTyT BBinOJIHaTB XJIOpOnJiaCTBI. 

B cnepMHax hecto npHcyTCTByiOT rnraiiTCKne mhtoxohpphh, cnnpajiBHO 
3aKpyHeHHBie BOKpyr oceBoii nacTH acryTHKa. OTcyTCTByiOT mhtoxoii,tphm y 
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KHiiieHHBix 3HTaMe6, /KHBymHx b ycaoBHax aHa3po6H03a, h y HeKOTOpBix apyrux 
napa3HTHnecKHx npocTeinHHx. 

JloKajiH3au,Ha MHTOxoHapHH b KJieTKax MO>KeT 6bitb pasaHHiiOH. Mbcto hx 
pacnoaoaceHHe oSycaoBaeHO TonorpaiJiHeH u n to na as m arane ckhx cTpyxryp h 
BKJIKDHeHHH. TaK, B a M (j) (}) e p C 1 1 HI1 (3 O B a 1 1 1 1 B I X KJieTKax paCTeHHH MHTOXOHApHH 
SojiBmeii wacTBio pacnoaoaceHBi b nepMcjiepMHecKiix yaacTKax ii,HTonaa3MBi, 
OTOflBHHyTBIX K n 3 33 M SLT H H 6 C KO H MCMOpailC U,eHTpaJIBHOH BaKyOaBIO. B MaJIO 
^H(|)(J)epeHu,HpOBaHHBix KJieTKax MepHCTeMBi pacTeHHH MHTOxoH^pHH pacnoaaraiOTca 
6ojiee nim MeHee paBHOMepHO. B KJieTKax anHTeaHa noaeHHBix KaHaaBpeB 
MHTOXOHApHH OpHeHTHpOBaHBI BJI03B npOfl03BHOH OCH KSCTKM. 3t0 CBUSailO C TeM, 
hto ohh pacnanaraiOTCfl Meacay rayOoKHMH b rui 1 1 h Banna m h n a as m bt nsec ko n 
MeMSpaHBi b 6a3aaBHoii oSaacTH KaeTOK (pnc. 204 ). 

OOBIHIIO M H T O X O II a P H H C KTim H BBIOTCH B6HH3H Tex yHBCTKOB H,HTOnaa3MBI, T^e 
B03HHKaeT noTpeonocTB b ATO, o6pa3yiomeiica b m nTOxo i ia p n a x . Tax, b cxeaeTHBix 
MBimpax MHTOxonapnn naxoaaTca B6aH3H m n o cj ) n 6 p n a a . B c n e p m bto 3 o h a ax 
MHTOxoHapHH o6pa3yiOT cnHpaaBHBiH cjiyTaap BOKpyr och acryTHKa; Bepoarao, 3to 
CBH3BIIO C II e O oxoa H M O C T B I O II C II O a B 3 O B B 1 1 H H ATO J\JIK aBH'/KeilHH XBOCTa 
cnepiviaTOSonaa. AiiaaommiBiM o6pa30M y npocTeHHiHx h b apyrnx xaeTKax, 
CHaSaceHHBix pecnnnKaivin, MHTOxonapmi aoKaansyiOTca nenocpeacTBenno noa 
KaeTOHHoii MeMopanoii y ocnoBanna pecnnneK, ana paooTBi kotopbix neoOxoanivi 
ATO. B aKCOHax HepBHBix KaeTOK MHTOxoHapHH pacnoaaraiOTca omao CHHancoB, 
rae npoHexoaHT nponecc nepeaaHii HepBHoro HMnyaBca. B ceKpeTOpHBix KaeTKax, 
KOTOpBie CHHTe3HpyiOT 6oaBinne KonnnecTBa SeaicoB, MHTOxoHapHH TecHO CBasaiibi c 
30HBMH 3pracTonaa3MBi; BepoaTiio, ohh nocTaBnaiOT ATO ana aKTiiBamni 
BMHHOKHcaoT h CHHTe3a 6enica Ha pnOocoMax. 

yabTpaCTpYKTYpa MMTOXOHnpMM. 

MHTOXOHapHH He3BBHCHMO OT HX BeHHHHHBI 11311 (jlOpMBI HMeiOT 
yHHBepcaaBHoe CTpoeHHe, hx yaBTpacTpyKTypa oaHOo6pa3Ha. MnTOxonnpnn 
orpaHHaeHBi aByivia MeMopanaivin (pnc. 205 ). HapyacHna ivinTOxoi iapnanni iaa 
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MeMSpaHa OTflejiaeT ee ot THajionjia3MBi. 06bihho OHa HMeeT pOBHBie KOHTypBi, He 
o6pa3yeT BrnmiiBamiii hjih CRjia^OK. Ha Hee npiixoaiiTca okojio 7% ot njiomaaH Bcex 
KJieTOHHBix MeMSpaH. Ee TOJiniHHa okojio 7 hm, OHa He SniBaeT CBinaHa hh c KaKHMH 
ApyrHMH MCMopanaMH u,HTonjia3MBi h 3aMKHyTa caMa Ha ceoa, TaK hto npeacTaBJiaeT 
co6oh MeMSpaHHBiii MernoK. Hapy>KHK)K) MeMSpaHy ot BHyTpeHHeii OT^ejiaeT 
Me>KMeM6paHHoe npocTpaHCTBO hihphhoh okojio 10-20 hm. BHyrpemnni MeMSpaHa 
(tojt ttt hhoh okojio 7 hm) orpamiHMBaeT coocTBenno BHyTpeHHee coaep>KMMoe 
MHTOXOHflpHH, ee MaTpHKC HJIH MHTOnJia3My. XapaKTepHOH HepTOH BHyTpeHHeii 
MeMOpaHBI MHTOXOHflpHH HBJI^eTCH HX CnOCOSHOCTB 06pa30BBIBaTB MHOTOHHCJieHHBie 
BmiHHBaHHII BHyTpB MHTOXOHflpHH. TaKHe BnaHHBaHHH name Bcero HMeiOT BHfl 
njiocKHx rpeOHeii, hjih KpHCT (pnc. 206, 207a). 

06maa noBepxHOCTB BHyTpeHHeii MeMSpaHBi mhtoxohaphh b neneHOHHOH 
KJieTKe COCTaBJlHCT npHMepHO TpeTB nOBepXHOCTH Bcex KJieTOHHBIX MCMOpan. 
Mhtoxoh^phh KJieTOK cepaewnoii mbihiu,bi coflepacaT BTpoe SojiBine KpHCT, hcm 
neneHOHHBie mhtoxohaphh. 3to MoaceT OTpaacaTB pa3JiHHHii b (})yHKu,HOHajiBHBix 
Harpy3Kax MiiTOxonapini pa3HBix KJieTOK. PaccToamie Meac^y MCMopanaMii b KpHCTe 
cocTaBJiaeT okojio 10-20 hm. Ha cpe3ax cbh3b MeMSpaHBi KpHCT c BHyTpeHHeii 
MeMSpaHoii npo cjie>KHBaeTCii oneHB othctjihbo, ho MecT tbkhx MeMSpaHHBix 
nepexoaoB HeMHoro. 3to ooBacnaeTca TeM, hto cbh3b MC/K/iy MCMopanaMii 
oeymecTBJiHeTCH nepe3 y3Kyio rneiiKy hjih CTeSejieK. 

MHTOXOHflpHaJIBHBie KpHCTBI, OTXOHaUIHe OT BHyTpeHHeii MCMOpailBI H 
npocTHpaiomHecH b CTOpOHy MaTpHKca, oSbihho He nojiHOCTBio neperopa>KHBaiOT 
nojiocTB MHTOxoH^pHH, He HapyuiaiOT HenpepBiBHOCTH 3anojiHHK)mero ee MaTpHKca. 

OpHeHTapHU KpHCT nO OTHOHieHHIO K flJIHHHOH OCH MHTOXOHflpHH pa3JIHHHa flJIH 
pa3HBix KJieTOK. TaK, MOiKeT 6bitb nepnenaHKyiapnaa opuenTamia (kjictkh neneiiH, 
nOHCK) KpHCT; B HeKOTOpBIX KJieTKBX (cepfleHHaH MBIHipa) IiaOHIOHaeTCH npOflOJIBHOe 
paenOJIO>KeHHe KpHCT. HaCTO KpHCTBI MOTyT BCTBIITBCH HJIH o6pa30BBIBaTB 
naJIBU,eBHflHBie OTpOCTKH, H3TH6aTBCH H He HMeTB BBIpaiKeHHOH OpHeHTapHH (pHC. 
208). Y npocTeiiHiHx, oanoKJieTOHHBix BoaopocaeM, b HeKOTOpBix KjieTKax bbichihx 
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paCTeHHH H 5 KHB 0 THBIX BblpOCTbl BHyTpeHHCH MCMOpailbl HMCIOT BHfl TpySOK 
(TpySnaTBie KpHCTbi). 

MaTpHKC MHTOXOHflpHH HMeeT T 0 HK 03 epHHCT 0 e TOMOTCHHOe CTpOeHHe, B HeM 
mioraa bbihbjuhotcii TOiiKiie coSpamibie b KJiySoK hhth (okojio 2-3 hm) h rpaHyjibi 
okojio 15-20hm. Tenepb CTano n 3 BecTHO, hto hhth MaTpHKca mhtoxohaphh 
npeflCTaBJi^KDT co6oh MOJieKyjibi ,Z],HK b cocTaBe MHTOxoHApHajibHoro HyKJieoH^a, a 
MejiKHe rpaHyjibi - MHTOxoH/ipHajibHbie pn6o combi. KpOMe toto, b MaTpHKce 
BCTpenaiOTCH KpynHbie (20-40 hm) njiOTHbie rpaHyjibi, 3to - MecTa OTTO/Kemm cojieii 
MarHHH H KaJIbU,HH. 

CpYHKUHH MHTOXOHiipHH 

MHTOXOHflpHH OCymeCTBJHUOT CHHTe3 ATO, npOHCXOHULHHH B pe3yJIbTaTe 
npoueccoB okhcjichhh opraniiHecKHx cyScTpaTOB h (}) o c cj) o p h a h p o Banna B 

KJieTKax npopeccbi okhcjichhh h BbmejieHHa 3HepTHH, ocBoSojK^aiomHecii b 
pe3yjibTaTe stoto nponecca, npoxoanT b hcckojibko BianMOCBaiannbix iTanoB. npH 
3tom b KanecTBe nawajibiibix cyScTpaTOB nenojibsyiOTCH pa3JiHHHbie yraeBO^bi, 
5KHpHbie KHCJIOTbl, aMHHOKHCJIOTbl (pHC.). IlepBbie 3TanbI OKHCJieHHH npilBOJIHT 
KpOMe oopa30 Banna AT<4> k noaBJiemno npoMe>KyT oh iibix npoayKTOB, Konennoe 
OKHCJieHHe KOTOpbIX B MHTOXOHflpHUX JiaCT B03M05KH0CTB KJieTKe HCn0JIb30BaTb 3TOT 

npopecc fljia CHHTe3a ochobhoto KOJiHnecTBa AT<I>. 

HanajibHbie 3Tanbi okhcjichhh yraeBO^OB nponcxoflaT b THajionjia3Me h He 
TpeSyiOT ynacTHu KHCJiopOfla. IIosTOMy ohh Ha3biBaiOTca aHaspoOHbiM OKHCJieHHeM, 
hjih rjiHK0Jiii30M. DiaBHbiM eyScTpaTOM OKHCJieHHa npn anaipoonoM nojiywenMM 
3HeprHH cjiy>KaT reKC03bi h b nepByio onepe^b rjii0K03a; HeKOTOpbie oaKTepnn 
oSna^aiOT cbohctbom H3BJieKaTb SHeprnio, okhcjhhhi neHT03bi, >KHpHbie khcjiotbi hjih 
aMHHOKHCJIOTbl. B TJII0K03e KOJIIIHCCTBO nOTeHU,HaJIbHOH 3HepTHH, 3aKJIIOHeHHOH B 

CBa3ax MOK^y aTOMaMH C, H h O, eocTaBJiaeT okojio 680 kkbji Ha 1 mojib (T.e. Ha 180 

T TJII0K03bl); 3Ta 3HepTHH 0CB0605KflaeTCM npH nOJIHOM OKHCJieHHH TJH0K03BI COTJiaCHO 
cjieflyiomeH peaKiinn: 

C 6 H 12 O 6 + 60 2 => 6H 2 0 + 6C0 2 + 680 KKaji 
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B 5KHB0H KJieTKe 3T0 OrpOMHOe KOJIHHeCTBO BHeprHH He 0CB0605KflaeTCM 
OflHOBpeMeHHO, KaK npn ropeHHH b njiaMeHH. OcBoSoacaeHHe aHepran naeT b BHae 
CTynennaToro npouecca, ynpaBJiaeMoro pejibiM paaoivi OKHCJiHTejibHbix cjiepivienTOB, 
h He CBa3aHO c nepexoaoM 3HeprHH xHMHHecxoii CBa3H b Tenjio, xax npn ropeHHH, a 
c nepexoaoivi ee b m a k p 03 ii e p r e t h h e c k y io CBaib b MOJieKyne ATO, xoTOpaa 
CHHTe3HpyeTca npn HcnojiB30BaHHH ocBoSoacaaiomeHca 3HeprHH H3 A/TO h 
(|)0C(f)aTa. 

B npopecce raHKOJiroa nponcxoaHT HenojiHoe OKHCJieHHe cyScTpaTa. B 
pe3yjiBTaTe rjiHxojiH3a rjnoxoaa pacnaaaeTca a o TpH03, npn stom TpaTaTca 2 
MOJieKyjiBi ATO h ciniTeinpyiOTca 4 MOJieKyjiBi ATO. Tax hto b KonennoM 
pe3yjiBTaTe KJieTKa “3apa6aTBiBaeT” Bcero 2 MOJieKyjiBi ATO. B 3 n e p tct iih e c ko m 
OTHOHieHHH 3TOT npOU,eCC MaJI03(j)(f)eKTHBeH, nOSTOMy H3 680 KKaJI, 3aKJnOHaK)IHHXCa 
b CBa3ax 1 MOJia nnoK03Bi, ocBoSoacaaeTca MeHee 10% 3HeprHH. HecMOTpa Ha 
HH3KHH 3HepreTHHeCKHH BbIXOa, aHa3po6HOe OKHCJieHHe, TJIHKOJIH3, HIHpOKO 
HcnojiB3yeTca b >khboh npnpoae. Oh aBJiaeTca ochobhbim nocTaBJiaiomHM SHepraio 
npoueccoM a Jia mho nix MHKpoopraHH3MOB, HeKOTOpBix KHineHHbix napasuTHHecKiix 
aHaapoGHbix npocTeHHiHx, ana xjieTOK Bbicninx opraHH3MOB Ha paHHHx CTaaiiax 
3M6pHOHajibHoro pa3BHTHa, ana mho rax onyxoaeBbix xjieTOK, ana xjieTOK KyjibTypbi 
TKaHH h ap. 3pHTpou,HTbi MJieKonHTaioiHHx, HanpHMep, nojiyiaiOT bcio 
HeoSxoaHMyio hm inepnno 3a chct mHKOJiH3a, Tax xaK y hhx iict MMTOxonapiiM. 

06pa30BaBHiHeca b pe3yjibTaTe raHKOJiH3a TpH03bi, h b nepByio onepeab 
nnpOBHHorpaaHaa KHCJiOTa, BOBJiexaiOTca b aanbHeHinee OKHCJieHHe, npoHexoaamee 
yace b cbmhx m h to xo h ap h ax . npn stom nponcxoaHT Hcnojib30BaHHe inepnni 
pacmenjieHHa Bcex xhmhhcckhx CBa3en, hto npHBoaHT x BbiaejieHHio CO 2 , x 
noTpeSjieHHio KHCJiopoaa h CHHTe3y Sojibhioto KOJinnecTBa ATO. 3th npopeccbi 
CBa3aHbI C OKHCJIHTeJIbHbIM U.HKJIOM TpHXapSOHOBBIX KHCJIOT H C aMXaTeJIbHOH 
penbio nepeHoea 3JiexTpOHOB, rae nponcxoaHT (J)oc(J)opHJiHpOBaHHe A/TO h chhtc3 
KJieTOHHoro “TonjiHBa”, MOJiexyji ATO (pnc. 209). 
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B U,HKJie TpHKapSOHOBBIX KHCJIOT (u,HKJl Kpe 6 ca, HJIH H.HKJI JIHMOHHOH KHCJIOTbl) 
o 6 p a 3 o b a b lii h ii c h b pe3yjiBTaTe TJiHKOJiH3a nnpyBaT CHanajia TepneT MOJieKyny CO 2 h, 
okhcjihhcb ao aueTaTa (AByyraepOAHoe coeAHnemie), coeAunneTCH c KO(J)epMeHTOM 
A. 3aTeM au,eTHJiK03H3HM A, coeAiniHHCb c OKcajiapeTaTOM (weTbipexyrjiepoAnoe 
coeAHHeHne), o6pa3yeT HiecTHyrjiepOAHbiii miTpaT (jiHMOHyK) KHCJioiy). 3aTeM 
npoHexoAHT u,hkji okhcjichhh 3Toro mecTHyraepOAHoro coeAHHeHHH a o 
neTbipexyraepOAHoro OKcajiapeTaTa, CHOBa CBH3biBamie c au,eTHJiK03H3HM0M A, h 
3aTeM H.HKJI nOBTOpHCTCH. npH 3TOM OKHCJieHHH BblACJIHIOTCH ABe MOJieKyjIbl CO2, a 
3JieKTpOHbi, ocBo 6 oAHBiiinecfl npH OKHCJieHHH, nepeHOCHTCH Ha aKpenTOpHbie 
MOJieKyjIbl K'OCjiepMeilTOB (NAD-HHKOTHHaMHAaAeHHHAHHyKJieOTHA), KOTOpbie 
BOBJieKaioT hx ABJiee b u,enb nepeHoca 3JieKTp0H0B. CjieAOBaTejibHO, b u,HKJie 
TpHKapSOHOBbIX KHCJIOT HCT CaMOTO CHHTC3a ATO, a HAeT OKHCJieHHe MOJieKyjI, 
nepeHOC 3JieKTpOHOB Ha aKpenTOpbi h BbmejieHHe CO2. Bee onHcaHHbie Bbirne 
COSblTHH BHyTpH MHTOXOHApHH npOHCXOAHT B HX MaTpHKCe. 

BbiAejieHHbie mhtoxohaphh oSjiaAaiOT enoeoSHOCTbio ocymecTBJiHTb 
OKHCJieHHe nnpyBaTa ao CO2 h cnocoSHbi k CHHTe3y AT<J3. Ecjih B3Becb 
mhtoxohaphh noABeprHyTb B03AeiiCTBHio yjibTpa3ByKa, to nocjie pa3pbiBa 
MHTOXOHApHaJIbHbIX MCMOpail KOMnOIieilTbl MaTpHKCa OCBOSO'/KAaiOTCH H nepeXOAHT 

b cpeAy BbiAejieHHu. Ilocjie Taxoro paapyuiemiJi mohcho ocaAHTb MCMopaiibi 

MHTOXOHAPHH H aHaJIH3HpOBaTb HX (J)yHKU,HOHaJIbHbie aKTHBHOCTH. 

Bbijio o6Hapy>KeHO, hto bo (J)paKu,HH, cboSoahoh ot MeMSpaH, npeACTaBjnnomeii 
co6oii KOMnoHeHTbi MaTpHKca, o6napy>KHBaiOTCH (JiepMeiiTbi, yiacTByiOLinie b u,HKJie 
TpHKapSOHOBbIX KHCJIOT. CjieAOBaTejibHO, B MaTpHKCe JI0KaJIH30BaHbI (J)epMeHTbI 
3TOTO U,HKJia, KOTOpbie IiaXOAHTCH B CBOSOAHOM, He CBH3aHHOM COCTOHHHH C 
MHTOxoHApHajibHbiMH MCMopanaMM, 3a HCKjnowenneM cyKu,HHaTAerHAporeHa3bi. 
KpOMe TOTO, B COCTaB MaTpHKca BXOABT (J)epMeilTbl OKHCJieHHH TKHpHbIX KHCJIOT; 
OCHOBHOH npOAyKT OKHCJieHHH HCHpHbIX KHCJIOT - ai],eTHJIK03H3HM A - TO/KC B 
MaTpHKCe nocTynaeT b u,hkji TpHKapSoHOBbix khcjiot, b kotopom oh noABepraeTCH 
AajibHenmeMy okhcjichhio ao CO 2 h H 2 0 B MaTpHKCe mhtoxohaphh nponcxoAHT 
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TaiOKe OKHCJieHHe HeKOTOpBIX aMHHOKHCJIOT, nOCTynaKDmHX B U,HKJ1 TpHKapOOHOBBIX 
KHCJIOT. 

OcTajiBHBie coObithh, CBH3aHHBie c ^ajiBHeHniHM nepeHOCOM aneKTpOHOB h 
CHHTC30M ATO> CBHSailbl C BHyTpeHHeil M HTOXO II ap H aa L II O H MCMOpailOH, C KpHCTaMH 
MHTOXOHppHH. 

OcBoSoflHBniHeca b npopecce OKHcaeHHH b pmcne TpHKapOoHOBBix khcjiot 
3JieKTpOHBi, a KueriTM po Ba n n bi e Ha KoejiepMeHTax, nepenocHTCH 3aTeM b HBixaTeabiiyio 
penB (penB nepeHOca saeKTpOHOB), rpe ohh eoepmnHOTCH c MoaeicynHpHBiM 
KHCHOpOpOM, o6pa3yH MOJieKyjlBI bohbi. 

^BixaTejiBHaa penB npepcTaBaaeT co6oii pap Scjikobbix KOMnjieKCOB, 
BCTpOeHHBIX BO BHyTpeHHKDK) MHTOXOHflpHaJIBHyK) MCMOpaiiy (pHC. 210). 
CymecTByiOT TpH raaBHBix (jiepMeHTHBix KOMnjieKca. IlepBBiH, NADH- 
^erHflporeHa3HBiH KOMnjieKC npHHHMaeT aaeKTpOHBi ot NADH h nepeHOCHT hx bo 
BTOpOH KOMnjieKC, KOMnjieKC B-Ci, KOTOpBIH B CBOK) OHepepB, nepeHOCHT HX Ha 
u,HTOxpOMOKCHfla3HBiH KOMnjieKC, a oh hx nepepaeT Ha KHcaopop, b pe3yjiBTaTe Hero 
o6pa3yeTca Bopa. Ha stom OKHCJieHHe 3aKaHHHBaeTca. 

Kax h noaaraeTca, OKHCJieHHe hcxophoto cyScTpaTa npHBejio k BBipeaeHHio 
CO 2 h BOflBi, ho npn 3tom He BBipeaHaacB TenaoBaa SHeprna, KaK npn ropeHHH, a 
o6pa30BajiHCB MOJieKyjiBi ATO). Ohh 6bijih CHHTe3HpOBaHBi ppyron rpynnoH ochkob, 
He CBH3aHHBix npuMO c OKHCJieHHeM. Bbijio nanpeno, hto bo b Hy Tp eH hhx 
MHTOXOHflpnaJIBHBIX MCMOpaiiaX Ha nOBepXHOCTH MCMOpan, CM OT pH LLUIX B MaTpHKC, 
paenojiaraiOTCH KpynHBie SejiKOBBie KOMnjieKC bi, (jiepMeiiTBi, AT0>-CHHTeTa3Bi. B 
3JieKTpOHHOM MHKpOCKOne BO (jlpaKpHH BHyTpeHHHX MHTOXOHflpHaJIBHBIX HaCTHU, 
BHflHBI TaK Ha3BIBaeMBie “rpHSOBHflHBie” TeJIBU,a enJIOHIB BBICTHJiaiOmHe 
noBepxHOCTB MCMOpan, CMOTpaipyio b MaTpHKC. 3th Tearpa hmciot KaK 6bi HoacKy h 
roaoBKy. ,Z],HaMeTpOM 8-9 hm. Bbijio oonapy>Keno, hto 3th Tearpa npepcTaBaaiOT 
co6oii SeaKOBBiH KOMnaeKC, coctohiphh H3 9 cy6T>epHHHp - ATO>-CHHTeTa3y. 
CaeaoBaTeabiio, bo BHyTpeHHHX MCMopanax m hto xo h pp h h aoKaan30BaHBi 
(J)epMeHTBi KaK OKncaHTeaBHoii penn, TaK h (JtepMeHTBi CHHTe3a ATO) (pnc. 2016). 
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^BixarejiBHaa penB - sto raaBHaa CHCTeMa npeBpaipeHHa 3Heprnn b 
MHTOxoH^pHax. 3pecB npoHexoflHT nocneflOBaTeuBHoe OKHCJieHHe h BOCCTaHOBJiemie 
3JieMeHTOB ^BixaTejiBHOH penn, b pe3yjiBTaTe Hero BBiCBoSoacpaeTca HeSojiBHiHMH 
noppmiMH 3Heprmi. 3a cneT stoh 3Heprnn b Tpex TOHKax penn H3 A/^O h (j)oc(j)aTa 
oopasyeTCH ATO. FfosTOMy roBoppp hto OKHCJieHHe (nepeHOC aaeicrpOHOB) 
conpaaceHO c (J)oc(J)opHJiHpOBaHHeM (A,Z(<I> + cPh — >ATO, T.e. nponcxopHT npopecc 
OKHCJIHTeJIBHOrO (j) O C (}) O p H JIH p O B a I HHI . 

B pe3yjiBTaTe MHoroKpaTHoii oSopaHHBaeMO cth cyScTpaTOB b pHKJie Kpe6ca 
npoHexopHT nojiHoe OKHCJieHHe nocTynHBHiHx npopyKTOB nepBHHHoro 
rJIHKOJIHTHHeCKOrO OKHCJieHHH, H 3aT6M B peilH OKHCJIHTeJIBHOrO c|) O C (J) O p H 3 H p O B a II H a 
npOHCXOpHT MaKCHMaJIBHOe HCn0JlB30BaHHe OCBOSopHBIIieHCfl npH OKHCJieHHH 
3Heprnn pjih CHHTe3a ATO>. 

Bbijio BBiCKa3aHO npepnojioaceHHe, hto b bi pep p io ipaa c p npn TpaHcnopTe 
saeKTpOHOB 3HeprHa 3anaeaeTCP b BHpe rpapneHTa npoTOHOB Ha MeM6paHe. npH 
3TOM Ha BHeiHHeH nOBepXHOCTH BHyTpeHHeil MeMSpaHBI MHTOXOHppHH B03HHKaeT 
noBBimeHHaa KOiipeiiTpapup hopopchtcpbho 3app>KennBix hohob Bopopopa. 
B03HHKHIHH npH 3TOM npOTOHHBIH TpapHCHT PBPPCTCP pBHPCyipeil CHJIOH B CHHTC3e 

ATO> (pnc.211). 

3to npepnopopceHHe CTaao 3aTeM Teopneii, xeMHOCMOTHHecKOH Teopnen 
conpppceHHP OKHCPeHHP cyScTpaTOB c chhtc30m ATO>. Kaic OKa3aaocB, npn nepeHOce 
SaeKTpOHOB B M M TO XO II p p M ap B II O H MCMOpaiie Ka'/KpBIH KOMnaeKC pBIXaTCPBIIOH penn 
HanpaBaaeT CBoSopHyio 3HeprHio OKHcaeHHe Ha nepeMeipeHHe npoTOHOB 
(noaoacHTePBHBix sapppoB) nepe3 Mexiopany, H3 MaTpnxca b MOKMCMopannoe 
npocTpaHCTBO, hto npHBopHT k o6pa30BaHHK) pa3HOCTH noTeHpHaaoB Ha MeMSpaHe: 
nojioacHTejiBHBie 3apppBi npeoSaapaiOT b MOKMCMopamiOM npocTpaHCTBe, a 
OTpHpaTeaBHBie - CO CTOpOHBI MaTpHKCa MHTOXOHppHH. IIpH pOCTHPCeHHH 
onpepejieHHOH pa3HOCTH noTeHpHajiOB (220 mB) Scpkobbih KOMnaeKC ATO- 
CHHTeTa3BI HaHHHaeT TpaHCnOpTHpOBaTB npOTOHBI OOpaTIIO B MaTpHKC, npH 3TOM 
npeBpauiaeT opny cjiopMy inepnni b ppyryio: o6pa3yeT ATO) H3 A^O h 
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neopraiiMHecKoro (J)occj)aTa. TaK npoHCxoflHT conpjDxeHHe oxHCjnrrejiBHBix 
npopeccoB c ckhtcthhcckhm, c (J)occj)opHJiHpOBaHHeM A/TO. noxa npoHCxoflHT 
OKHCJieHHe cyScTpaTOB, noxa nponcxoAHT nepexanxa npoTOHOB nepe3 BHyrpeHmoio 
MHTOxoH/ipHajiBHyK) MCMopany - H^eT conpH/xeinibiH c sthm CHHTe3 ATO, T.e. 
npOHCXOflHT OXHCJIHTeJIBHOe (J)OC(j)OpHJlHpOBaHHe. 

3th flBa npopecca MoryT 6bitb pa3o6meH&i. Mojxho chatb pa3HOCTB 
noTeHu,HajiOB Ha m h to xo ii a p h aa b ii o h MCMopane, hjih MexamraecxH ee HapyniHTB, 
HJ1H C nOMOIHBK) XHMHHeCXHX COeflHHeHHH (HanpHMep, flHHHTpO(J)eHOJia) C^eJiaTB B 
Hen aH(j)(|)y3HomiBie xaHajiBi. IlpH stom 6ya,eT npoaojT/xaTBCH nepeHOC 3JiexTpOHOB, 
oyaeT npo^oa/xaTBCH oxncjieHHe cyScTpaTa, ho CHHTe3a ATO y>xe nponcxo^HTB He 
SyzjeT. B 3tom cjiynae 3Heprmi, ocBoSox^aiomaflCfl npn oxhcjichkh SyzjeT 
nepexoflHTB b TenjiOByK) snepniio. 

OKHCJiHTejibHoe (froccfropHJiHpoBaHHe y 6aKTepHH 

Y npoxapHOTHnecxHx xjieTOx, cnocoSiiBix x oxncjiHTejiBHOMy 
(|)OC(j)OpHJlHpOBaHHK), 3JieMeHTBI U,HXJia TpHXapSOHOBBIX XHCJIOT JI0XaJIH30BaHBI 
npjiMO b u,HTonjia3Me, a (J)epMeHTBi ^BixaTejiBHOH uenn h (}) o c (J) o p h a h p o b a n h h 
CB^3aHBi c xjieTOHHOH, n a a3 m aT h h e c ko h MCMopanoH. 3to 6bijio Biianaae noxa3aHO 
PHTOXHMHHecxHMH MCTO^aMH. Tax, (jDepMeHT cyKHiinaTaerHaporenaaa CBH3an c 

nJia3MaTHHeCXOH MeM6paHOH H C ee BBimiHHBafflniMH, BBICTynaiOIHHMH BHyTpB 
U,HTOnJia3MBI, C Tax Ha3BIBaeMBIMH Me30C0MaMH (pHC. 212). Ha/IO OTMeTHTB, hto 
T axne SaxTepnajiBHBie Me30C0MBi MoryT 6 bitb cbjtxuibi He tojibxo c npopeccaMH 
aspoonoro aBixaiiHH, ho h y HexoTOpBix bh^ob ynacTBOBaTB b aeaemin xjieTOx, b 
npopecce pacnpefleneHmi /)HK no hobbim xjieTxaM, b o6pa30BaHHH xjieTOHHOH 
CTeHXH h T.a. Ha n a as m aT h h e c ko h MCMopane b Me30C0Max HexoTOpBix SaxTepnii 
jioxajiH3yK)TC5i TaK>xe (JjaxTOpBi conpjDxeHHJi OKHcneinui h CHHTe3a ATO. B 
3JiexTpOHHOM MHxpocxone bo (j)paKHHJix n a a 3 m aT h h e c k h x MCMopan SaxTepnil 
oonapy/xeiibi c(j)epHHecKiie nacTHijBi, anaaoniHiibie TeM, xoTOpBie 6 bijih iiaH^enBi b 
MHTO xoHApH^x ayxapHOTHnecxHx xjieTOx. TaxHM o6pa30M, y SaxTepnajiBHBix 
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KJieTOK, CnOCOOIIblX K OKHC3HTe3BHOMy (|)OC(j)OpHJIHpOBaHHK), nna3MaTHHeCKaa 
MCMopana BBinoaiiaeT ponb, aiiaaonmnyio BHyrpeHHeii Meiviopaiie MHTOxonapnii 
3yKapHOTHHeCKHX KJieTOK. 

YBejiHqeHHe qncjia mhtoxohjphh 

TaK >Ke, KaK h apyme opraHejuibi u,nTonjia3Mbi, mhtoxohaphh MoryT 
yBejiHHHBaTbcn b HHCJie, hto ocoSeHHO 3aMeTHO npn ^ejieHHH kjictok hhh npn 
yBejiHHeHHH (jiyiiKHiionaaBiioii Harpy3Kn ktctkh, 6ojiee toto, npoHCxo^HT 
nocTOUHHoe oShobjichhc mhtoxohaphh. Tax, b neneHH cpeflHM npoflOJi>KHTejibHOCTb 
5KH3HH MHTOXOIiapHH C0CTaB3H6T OKOJIO 10 Til ICH . IlOTTOMy 3aKOHOMepHO B03HHKaeT 
Bonpoc, KaKHM o6pa30M npOHCXOflHT 3TO yBeJIHHeHHe HHCJia MHTOXOHflpHH, 3a CHeT 
KaKHx npoueccoB n KaKHx CTpyKiyp oSpaayiOTCH HOBbie MUTOxonapnn. 

OcHOBHan Macca 3 kx n e p h m e ii t a a b ii bi x aamibix roBOpHT o tom, hto yBeaiiHeiiiie 
HHcna MHTOxoH^pHH npoHexoflHT nyTeivi pocTa h aeaeinui npeamecTByiOHnix 
MHTOxoHflpHH. 3to npe3,no305KeHHe 6bijio BnepBBie BBiCKa3aHO AjiBTMaHOM (1893), 
onncaBinnM mhtoxoh^phh no# TepMHHOM “6Ho6jiacTBi”. IIo33Hee c noMombio 
u,eiiTpa(|)epHOH khhocbcmkh yzjajiocb Ha6aio,3aTB npH3CH3HeHH0 flejieHHe, 
cjiparivieiiTaHiiio ^jihhhbix MHTOxonapnH Ha 6ojiee KOpOTKHe. Ocooeimo othctjihbo 
BH^eH 3tot npouecc npn aeaeiiini kjictok HeKOTOpBix o^hokjictohhbix Boaopocaen h 

HH3HIHX rpHOOB, y KOTOpBIX ,363611116 MHTOXOHApHH C KO O p 3 H 1 1 II p O B a 1 1 0 C K36T0HIIBIM 
aeaemieM. B aaeKTpOHHBiH MHKpocKon nacre bo mhothx KaeTKax mo>kho bhactb 
aeaeinie MHTOxoiiapiiii nyTeM o6pa30Bainui nepeTnacKH (pnc. 213), HanpHMep b 
K36TK3X neHCIIH (XOTH 6e3 30 K333T 63 BCTB 3HIiaMHHII0CTH 3TOTO npOHCCCa TBKHe 
Ha63K>3eHH3 Ma30 y6e3HTe3BHbi). BHeniHe Bee 3th KapTHHBi ohchb HanoMHHaiOT 
SHHapHBiH cnoco6 aeaeHHH SaKTepHH. 

Pea3BHOCTB yB 63 IIH 6 III 13 311633 MHTOXOHApHH nyTCM 363611113 6bI3H 30 Ka 3 aiIBI 
npH H 3 yH 6 IIHIl nOBeaeima MHT 0 X 0 II 3 pnil B 3CHBBIX K3eTK3X Ky3BTypBI TKaHH. EbI30 
o 6 iiapy>Keiio , hto b Teiemie k 3 Ctohhoto u,HKaa MiiTOxoiiapmi MoryT BBipacTaTB 30 
HeCK03BKHX MKM, a 33 TCM (jlpaTMeHTHpOBaTBCH, 3C3HTBC3 Ha 603ee MC3KHe Te3BU,a. 
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KpOMe Toro, mhtoxohpphh MoryT cjinBaTbcn ppyr c ppyroM. Tax, b KyjiBType 
KJieTOK 3n/iOTeaHH cepppa rojiOBacTHKa KceHonyca Hadjnopajin po 40 cjiynaeB 
cjiimhjm n aeaemia mhtoxohpphh 3a 1 nac. B KJieTKax KyjiBTypBi nonex iMopnonoB 
Hadjnopajin pocT n BeTBJiemie mhtoxohpphh b S-nepnope KJieTonHoro pmcjia. 
Opnaxo y>Ke b Go- nepnope npeodnapajin b nncjie MenKHe m h to xo Hpp h h , 
oopaaoBaBLunecH 3a chct pen e mm npn (jrparMeHTapnH pjihhhbix mhtoxohpphh. 

TaKHM o6pa30M, pa3MHO>KeHne m m t o x o n p p m ii mpct no npnHpnny: omnis 
mitochondrion e mitochondrion. 

HHTepecHbi nadpiopemm 3a cypbdon mhtoxohpphh b ppopoKeBbix KJieTKax. B 
aipooimix ycnoBnax ppopoKeBbie kjictkh hmcmt Timmnibie mhtoxohpphh c hctko 
BbipajKeHHtiMH KpHCTaMH. IIpH nepeHOce KJieTOK b aHarpoSHBie ycnoBHn (HanpHMep, 
npn nx nepeceBe hjih npn nepeMeineHnn b aTMOcejiepy a30Ta) TnnnnHBie 
mhtoxohpphh b nx pHTonjia3Me He oonapy'/KHBaiOTCH, n bmccto hhx bhphbi MejiKne 
MeMdpaHHBie ny3BipbKH. OKa3ajiocb, hto b aHa3po6m>ix ycjiOBnux pponcnceBbie 
KJieTKH He copepixaT nojrayio pbixaTenbiiyio pent (oTcyTCTByiOT miTOxpoiviy b n a), 
npn aipapim KyjiBiypbi nadmopaeTca ObiCTpaa HHpyKpmi 6nocnHTe3a pbixaTCPbiibix 
(jiepMeHTOB, pe3Koe noBbimeHne noTpedjieHHn KHCJiopopa, a b pHTonjia3Me 
hohbppiotch HOpMajiBHbie mhtoxohpphh. 3th nadpiopenmi npnBejin k 
npepcTaBJieHHio o tom, hto y ppo'aoKen b anaipodiibix ycjiOBnax b pHTonjia3Me 
cyipecTByiOT npoxi htoxo i ipp nan bn bie CTpyKTypbi c pepypnpoBannon chctcmoh 
OKHCJieHHu. TaKne n p o m htoxo Hpp hh npn nepeHOce kjictok b ycnoBiia appoSnon 
cpepti HannHaiOT nepecTpaHBaTBcn, nponcxopHT BKjnoneHne b nx MeMdpaHbi 
3JieMeHTOB nojiHon penn okhcjichhh n (jioc(f)opHPHpOBafflni, hto conpoBoncpaeTca 
H3MeHeHneM nx MOp(J)OJiornn. Tax, H3 npnMHTHBHbix, HeaKTHBHbix n p o m hto xo h pp h ii 
nyTeM nx pocTpohKH n pocTa o6pa3yiOTCK odbinHbie (JjyHKpnoHnpyioipne 
MHTOXOHppHH. 

BepoHTiio, cxopnbie npopeccti npoTCKaiOT n npn pepemin mhtoxohpphh: 
nponcxopHT yBejinneHne Maccti m htoxo npp h an b n bi x MCMopan co bccmh 
cnepncJjnnecKHMH KOMnoHeHTaMn 3a cneT cnHTe3a n BKjnoneHHn b hhx OTpejibHbix 
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SenKOB - (J)epMeHTOB h aHnnaoB, HapacTamie Maccti SenKOB MaTpHKca, a 3aTeM 
npoHCxo^HT ^ejieHHe KaK 6 bi yaBOHBHieHca hjih MHoroKpaTHO yBeaHHHBmeHca 
CTpyKTypBi. 

3th npe^CTaBJieHHa noaywaiOT noaaepacKy co ctopohbi (J)aKTOB, Kacaiomiixca 
OpraHH3aU,HH H COCTaBa MHTOXOHapHaHBHOTO MaTpHKca HJIH MHTOnJia3MBI, B KOTOpOH 
oSHapyaceHBi ^HK, pa3HBie ranti PHK h ph6ocombi. 

ABTOpenpOJYKUMH MMTOXOHjpMM 

HccaeaoBaHHH nocaeaHHx jieT npHBejiH k ynHBHTejiBHBiM OTKpBiTHaM : 
^ByMeMopannbie opraHejuiBi oSaaaaiOT nojiHoii chctcmoh a bto p e n p oay k h m h . 3Ta 
CHCTeMa noanan b tom CMBicjie, hto b MHTOxoHapHax h naacTHaax OTKpBiTa ^HK, 
Ha KOTOpOH B HHX C HHTe 3HpyK)T CM HH(J)OpMaU,HOHHbie, TpaHC(j)epHBie H pnSoCOMHBie 
PHK h ph6ocombi, ocymecTBjnnomHe cm itch m htoxo i ia p h an b i i bi x h nnacTHaHBix 
SejiKOB. OflHaKO, KaK OKaaanocB, tth cmctcmbi, xoth h aBTOHOMHBi, oweiiB 
OTpaHHHeHBI no CBOHM B03M0aCH0CTflM. 

/THK b MHTOxoHflpH^x npeacTaBneHa phkjihh e c k h m h MoneKynaMH, He 
o6pa3yK)IHHMH CB5I3B C THCTOHaMH, B 3TOM OTHOHieHHH OHH HanOMHHaiOT 
SaKTepHajiBHBie xpomocombi. Pa3Mep hx HeBenmc, okojio 7 mkm, b oany 
PHKJiHHecKyio MoneKyny m ht o xo Hap h h hcmbotiibix bxo^ht 16-19tbic. iiyKneoTnaiiBix 
nap ^HK. Y nenoBeica m h t o x o n a p h a a b n a a ^HK coaepacHT 16,5 tbic. H.n., OHa 
noaHOCTBK) pacniH(j)pOBaHa. HaHaeno, hto m htoxo i iapaa Biian ^HK pa3anHHBix 
oSbeKTOB OHCIIB OHIIOpOHIia, OTaHHHe HX 3aKHIOHaeTCa aHHIB B BeaHHHHe HHTpOHOB H 
HeTpaHCKpH6npyeMBix ynacTKOB. Bee m htoxo ii ap h an b i i bi e ^HK npeacTaBaeHBi 
MHoacecTBeHHBiMH KonmiMii, coopaiiiibiMii b rpynnBi, KaacTepBi. Tax b oaHon 
MHTOxoHapHH ne L ieini KpBiCBi MO/K6T coaepacaTBca ot 1 ao 50 u,HKaHHecKHx MoaeKya 
/1HK. Oouiee ace KoannecTBO MHTOxoHapnaaBHOH ^HK Ha KaeTKy cocTaBaaeT OKoao 
oaHoro npoueiiTa. C hutch m htoxo i ia p h aa b i i bi x /THK He CBH3aii c CHHTe30M ^HK b 
aape. 

Tax ace KaK h y SaKTepHH mhtoxoi iapaabi iaa ^HK coopana b OTaeaBHyK) 30Hy - 
HyKaeona, ero pa3Mep cocTaBaaeT OKoao 0, 4 mkm b anaMCTpe. B aanmiBix 
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MHTOXOH£pHHX MO'/KCT ObITb OT 1 flO 10 HyX3eOH£OB. IIpH £C3eHHH £3HHHOH 
MHTOxoHflpHH ot Hee OT£e3HeTCH ynacTOK, co£ep5xamHH HyxaeoH£ (cxo£Ctbo c 
6nHapHbiM ^eneHHeM SaxTepnii). Kojimhcctbo ^HK b OT^ejibHbix HyxaeoH£ax 
MHTOXOH£pHH M05KCT KOJieSaTbCM B 10 pa3 B 3aBHCHMOCTH OT THIia KJieTOK. 

IIpH>KH3HeHHO HyX3eOH£bI MHTOXOH£pHH M03CH0 O K p a III M B TT b C H CneiI,HaJIbHbIMH 
(J)jiyopoxpOMaMH. OKa3anocb, hto b HexoTopbix xyabTypax b KJieTKax ot 6 £0 60% 
MHTOXOH£pHH He HM6I0T HyX3eOH£a, HTO MO/KCT oSbHCIIHTbCH T 6 M , HTO £63611116 3THX 
opraHenn cxopee CBH3aHO e (j)parMeHTau,HeH, a He e paenpe^eneHneM Hyx3eoH£OB. 

Kax y>xe roBopnaocb, mhtoxoh£Phh Moryr xax neanTbcn, Tax h cjiHBaTbca £pyr 
e £pyroM. B oSbiHHOH xyabType xaeTOx nenoBexa Hela Bee mhtoxoh£Phh co£ep)xaT 
Hyx3eoH£bi. OflHaxo 0311 a H3 MyTaHTHbix hhhhh ttoh xynbTypbi conep'/xana 
MHTOXOH£pHH, B XOTOpbIX HyXJieOH£bI C HOMOUIblO (J)3yOpOXpOMOB He BbIHB3H3HCb. 
Ho eCHH 3TH MyTaHTHbie XJieTXH C3HTb C H H T O n 3 a C T a M M X3eTOX HCXO£HOTO THna, TO 
bo Bcex MHT0X0H£pH3x Hyx3eoH£bi 6bi3H o6napy>xenbi. 3to TOBOpHT o tom, hto npH 
C3HHHHH MHTOXOH£pHH £pyT C £pyTOM MO/X6T npOHCXO£HTb OOMCII HX BHyTpeHHHMH 
XOMnOHeHTaMH. 

Ba>xno no£HepxHyrb, hto pPHK h ph6ocombi mhtoxoh£Phh pe3xo othhhhbi ot 
TaxoBbix b u,HTon3a3Me. Echh b u,HTon3a3Me oSHapymiBaiOTCH 80s pnSocoMbi, to 
pHSoCOMbl MHTOXOH£pHH paCTHTe3bHbIX X3CTOX npHHa£3e>XaT X 70s pHSoCOMaM 
(coctoht H3 30s h 50s cy6be£HHHu„ co£ep>xaT 16s h 23s PHK, xapaxTepHbie £33 
npoxapHOTHHecxHx x3eTOx), a b mhtoxoh£Phhx x3eTOx jxhbothbix o6napy>xenbi 
6o3ee Me3xne phSocombi (0x030 50 s). 

PMOOCOMIIbie PHK MHTOXOH£pHH CHHTe3HpyK)TC3 Ha MHTOXOH£pHa3bHbIX ^HK. 
B MHTon3a3Me Ha pnSocoMax H£eT CHHTe3 SenxoB. Oh npexpamaeTca, b OT3HHHe ot 
CHHTe3a Ha u,HTon3a3MaTHHecxHx pnOocoMax, npn £6 hctbhh aHTHSnoTHxa 
x30paM(J)eHHX03a, no£aB3Hiomero CHHTe3 Senxa y SaxTepnil. 

Ha MHT0X0H£pHa3bH0M reHOMe cniiTesupyiOTCH h TpaHcnopTHbie PHK, Bcero 
CHHTe3HpyeTC3 22 tPHK. TpunaeTiibiM xo£ MHT0X0H£pHaabH0H CHHTeTHHeexoii 
CHCTeMbI OT3HHeH OT TaXOBOTO, HCn03b3yeM0T0 B THa30n3a3Me. Hee MOT pH Ha 
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HajiHHHe xa3aaocb 6li Bcex KOMnoHeHTOB, neooxonnMbix naa CHHTe3a 6enKOB, 
HeSojiBniHe Moaexyabi m h tox o h n p h an b h o h ^HK He MoryT xonnpOBaTb Bee 
MHTOXOHApHaJIBHbie 6eJlKH, TOJIBKO J1HHIB HX He60JIBHiyK) HaCTb. Tax ^HK pa3MepOM 
15 TbIC.H.n. MO'/KCT KOflHpOBaTb 6eJlKH C CyMMapHbIM MOJieKyjIMpHbIM BeCOM OKOJIO 
6x1 0\ B 3to ace BpexiH cyMMapHMH MonexynapHbiH Bee 6ejiKOB HacTiiubi nojiHoro 
^MxaTejibHoro ancaMoaa mhtoxoh^phh nocTnraeT Beniininibi oxono 2xl0 6 . Ecnn 
ynecTb, hto KpOMe 6enxoB oxHcnHTenbHoro (}) o c (J) o p n a n p o b a n n a b MUTOxonapim 
BxoaaT (J)epMeHTbi ipixna TpHKap6oHOBbix KHcaoT, (j)epMeHTbi CHHTe3a /IHK h PHK, 
(J)epMeHTbi aKTMBamni aMHHOKHcaoT h npyrne 6enxn, to bh^ho, hto, ana toto hto6bi 
KO^HpOBaTb 3th MHoroHHcaeHHbie 6eaKH h pPHK h tPHK, KoaHaecTBa reHeTHnecKOH 
HH(J)OpMaU,HH B XOpOTXOH MOaCKyae MHTOXOHflpHaabHOH /IHK 51 B 1 1 0 He XBaTaeT. 
PacniHcf)pOBKa HyKaeoTHflHOH n o ca ea o b aT e a b n o c t m m h to xo h n p h an b h o h /JHK 
nenoBexa noica3aaa, hto OHa xonnpyeT Bcero hhhib 2 pH6ocoMHbie PHK, 22 
TpaHC(j)epHbix PHK h Bcero 13 pa3aHHHbix noaHnenTH^Hbix peneil. 

B nacToamee BpeMa HMeiOTca ySeanTenbiibie aoKaaaTeabCTBa, hto oonbmaa 
nacTb oeaKOB m mt oxo nap n h naxonnTca non reneTHnecKHM xomponeM co CTOpOHbi 
KaeTOHHoro an pa h cniiTeBnpyeTca BHe MHTOxoHnpHH . Tax, b nacTHOCTH miTOxpoM c, 
o6pa3yeTca b rnaaonaa3Me, a H3 neBara noaHnenTHnHbix peneii b cocTaBe ATO- 
CHHTeTa3bI TOabXO OnHa CHHTe3HpyeTCa B MaTpHXCe MHTOXOHnpHH 5XHBOTHBIX. 
MHTOxoHnpnaabHaa /JHK KoanpyeT anuib neMiiome MHTOxoHnpHaabHbie 6eaxn, 
xoTOpbie aoxaaH30BaHbi b MeM6paHax h npencTaBaaiOT co6oh CTpyxTypHbie 6eaxn, 
OTBeTCTBeHHbie 3a npaBimbnyio HHTerpau,Hio b MHTOxoHnpHaabHbix MeM6paHax 
OTneabHbix (|)yHxu,HOHaabHbix xomhohchtob . 

BoabHiHHCTBO MHTOxoHnpHaabHbix SenxoB CHHTe3HpyeTca Ha pH6ocoMax b 
u,HT03oae. 3th 6eaxn hmciot cnepHanbHbie CHTHaabHbie noeaenoBaTeabHOCTH, 
xoTOpbie y3HaK)Tca peuenTopaMn Ha BHemHen MeM6paHe MHTOxoHnpHH . 3th 6eaxn 
MoryT BCTpaHBaTbca b hhx (cm. aHaaornio c MeM6paHOH nepoxcncoM), a 3aTeM 
nepeMeuiaTbca Ha BHyTpeHHioK) MeM6paHy. 3tot nepeHoe nponcxonHT b Tonxax 
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KOHTaKTa napy/KiiOH h BHyTpeHHeii MCMopan, r^e TaKOH TpaHcnopT OTiYieien (pnc. 
214). Eohbhihhctbo amniflOB mhtoxohaphh Tax ace CHHTe3HpyiOTCfl b u,HTonjia3Me. 

Bee 3th orapbiraa, noKa3biBaK>mHe otho CHTe jibho He3aBncnMoe CTpoemie H 
(J)yHKU,HOHHpOBaHHe CHCTeMBI SeJIKOBOrO CHHTe3a MHTOXOHflpHH, B03p0flHJIH 
ninoTesy o 3 n no c m m 6 n ot h h e c ko m npoHCxoacaeiiMH m ht oxo nap h ii , o tom, hto 
MHTOxoHflpHH npeacTaBaaiOT co6oh opraHH3MBi rana oaKTepiiii, naxoafluniecfl B 
CHM6H03e C SyKapHOTHHeCKHH KJieTKOH. 

XOHjpHOM 

XOHflpHOM - 3TO COBOKynHOCTb BCeX MHTOXOHflpHH B OflHOH KJieTKe. OKa3aJIOCB, 
HTO Taicafl COBOKynHOCTb M05KCT 6bITb pa3HHHHOH B 3aBHCHMOCTH OT THna KJieTOK. 
TaK, BO MHOTHX KJieTKaX XOHflpHOM npeflCTaBJieH pa3p03HeHHbIMH 
MHOTOHHCJieHHblMH MHTOXOHflpHHMH, pa36pOCaHHbIMH flOBOJIbHO paBHOMepHO nO 
Been u,HTonna3Me, kbk, HanpHMep, bo mhothx n ea h (jxji e p e i m n p o b a n n b i x KJieTKax 
(pnc. 215a). B apyrnx cjiynaxx OTaeabHbie MiiTOxoiiapmi aoKaaiiByiOTCfl rpynnaMH b 
MecTax HHTeHCHBHOH TpaTbi AT<1), Kax HanpHMep, b KJieTKax aHaaroaTOpOB ceraaTKii. 
B o6ohx 3thx cnynaax mhtoxoh^phh (j)yiiKmioiinpyiOT nooflHHOHKe, hx 
KOonepaTHBHaH paSoTa, bo3mo>kho, Koopan i i ii pyeTca KaKHMH-TO cnmajiaMH H3 
u,HTonjia3Mbi. OanaKO cymecTByeT h coBepmeHHO hhoh ran xoiiapnoivia, Koraa 
BMecTO MejiKHx oflHHOHHbix pa3p03HeHHbix MHTOxoH/ipHH b KJieTKe pacnoaaraeTca 
OflHa raraiiTCKaa paaBeTBaennan mhtoxoiihphji (pnc. 215b). Tarae mhtoxoh^phh 
nacTO BCTpenaiOTCH y oaHOKaeTOHHbix 3ejieHbix Boaopocaeii (HanpHMep y Chlorella). 
B 3thx caynaxx mbi bhjjhm He OTaeabHbie mhtoxoh^phh, a caoaoiyio 
MHTOxoHApHajibHyio CHCTeMy, cera hjih, KaK eii naan iiaiBamie, MHTOxonapiiaabUbiii 
peTHKvavM (Reticulum miyochondriale). KaKOB onoaonmecKiiH CMbica noaBaemiJi 
TaKoii rnraHTCKoii paiBeTBaemiOM m m t o x o i i a p h a a b i i o ii CTpyKTypbi, odbeamieiiiiOM b 
OflHO peaoe cbohmh BHeniHHMH h BHyTpeHHHMH MeMdpaHaMH? CoraacHO 
XeMOOCMOTHHeCKOH TeOpHH, B03HHKHIHH Ha nOBepXHOCTH BHyTpeHHeii MeMdpaHBI 
aaeKTpoxHMHnecKHH npOTOHHBiH rpaaneiiT paBHOMepHO pacnpeaeaneTCH no 
noBepxHOcra BHyTpeHHeii MeMdpaHBi mhtoxohaphh, OHa 3KBHnoTeHu,HaabHa b 


326 



jikdSoh CBoeii tohkc. IIo3TOMy b jiio6oh tohkc noBepxHOCTH BHyTpeHHeii MCMopaiibi 
TaKOH pa3BeTBJieHHOH MHTOXOHflpHH MO>KeT HflTH CHHTC3 ATO, KOTOpblH 6yjS,QT 
nocTynaTB b jiK)6yK) TOHKy u,HTonjia3MBi, me b stom ecTB neooxojiHMOCTb. T.e. TaKne 
pa3BeTBJieHHbie mhtoxoh/iphh MoryT npeflCTaBJi^Tb co6oii “sneKTpHHecKHH KaSejib”. 

To, hto 3to fleiicTBHTejibHO HMeeT MecTO, 6buio ^OKa3aHO 3kc nepHMeHT anbHO . 
Ebijih Bbiopanbi pacTymiie b KyjibType t Kaiin (J)H6po6jiacTbi, b u,HTonna3Me KOTOpbix 
HMeKDTCM flJIHHHbie HHTHaTbie MHTOXOHflpHH, HOCTIiraiOLHIie 60 MKM. B '/KIIBBIX 
KJieTKaX HX MO>KHO HaS-JIIOflaTb C nOMOmbK) (|)JiyOpOXpOMa 3THapOaaMHIia, KOTOpblH 
naKanaiiBaeTca b MaTpmcce tojibko paSoTaiomHx, c HHTe 3Hpy ioihhx ATO, 
MHTOxoH/ipHH. Ecjih chhtb pa3HOCTb noTeHu,najiOB Ha BHyTpeHHeii MeMSpaHe 
MHTOXOHflpHH, B03/ieHCTByH Ha KJieTKH flHHHTpO(J)eHOJIOM, TO CBeHeiHie 
3THJipo^aMHHa b MHTOxoHflpHnx npeKpamaeTCH, napajuiejibHO naaemno CHHTe3a 
AT<J3. npH 3tom rameHHe (J)Jiyopecu,eHu,HH nponcxo^HT bo Bcex mhtoxoh^phh. 3to 
HaSjHO^eHHe noKa3biBaeT, hto 3THJipoflaMHH, kbk npoTOHHbin KpacHTejib, 
naKanaiiBaeTCH b MaTpHKce mhtoxohaphh, tojibko to 171a, Koma ecTb pa3HOCTb 
noTeHu,HajiOB Ha BHyTpeHHeii MeMSpaHe mhtoxohaphh, T.e. Koma npoHCxo^HT 
CHHTe3 AT(J3. 

Ho flHHHTpocJieHOJi, BCTpaHBancb b MeMSpaHy, co3/iaeT “npoSoii” Ha Bcex 
MHTOXOHApHUX JTailEIOH KJieTKH. A KaK “BbIKJIIOHHTb” OflHy MHTOXOHflpHIO? 3TOTO 
Hcnojib3yeTca jia3epHbiii hjih yjibTpa(|>HOJieTOBbiH MHKpojiyn, KOTOpbiii mo>kho tohiio 
HanpaBHTb Ha H36paHHyio 3 kc n e p h m e ii t aT o p o m mhtoxoiijiphk) (pnc. 216). ,H,ejiaeTai 
3TO C nOMOIHbK) CneU,HaJIbHOH OnTHHeCKOH CHCTeMbI, KOTOpaa n03B0JI^eT 
OflHOBpeMeHHO paccMaTpHBaTb oSbckt (b jiannoM cjiynae vkiibbic khctkii c 
OK pameHHblMH pOflaMHHOM MHTOXOHApHUMH) H HaBeCTH Ha H36paHHyiO ^eTaJIb 
tohkhh nynoK Jia3epa hjih yjibTpa(J)HOJieTOBoro CBeTa. npH oSayHemm omejibnoii 
MHTOxoH/ipHH npoHexoflHT b Heii rameHHe (J)ayopecu,eHu,HH po^aMHHa H3-3a toto, 
hto b pe3yjibraTe npo6on BHyTpeHHeii MCMopaiibi MHTOxonapim pa3HOCTb 
noTeHu,HajiOB Ha Heii na^aeT, h po^aMHH KaK 6bi BbiTeKaeT H3 MaTpHKca 
MHTOXOHApHH. npH 3TOM COCeflHHe MHTOXOHflpHH He MCIHIIOT CBOeTO CBeHeiHHI H 
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npoflOJDKaiOT cnHTe 3 ATO>. Hto 5Ke np0H30H,a,eT, ecuH ooayHMTb HeSonBmoii ynacTOK 
pa3BeTBJieHHOH hjih >Ke oneiib ^jihhhoh MHTOxonapnH? B 3KcnepHMeHTe oana H3 
npoT^>KeHHBix CBeTamuxcH m h t o x o ii a p h h cj)Hopo6aacTa 6 bin a jiOKajiBHO nopa>Kena 
y3KHM (0,5 mkm) MHKponyHOM onTHHCCKoro Jia3epa. B pe3yjiBTaTe stoto bch ^jiHHHaa 
MHTOxoHApna noTyxna, b to BpeMH KaK coce^HHe ocTaBanHCB 6e3 H3MeHeHHH (pnc. 
2166). nopa/Kenne MHKpojiyHOM ynacTKOB cbooohiiom ot m h tox o h a p h h u,HTonjia3MBi 
He npHBOflHJio k TymeHHK) m h to xo Hap h h . 3to roBOpHT o tom, hto TOHeHiibiil npoOon 
MeM 6 paHBI MHTOXOHflpHH npHBOflHT K CIHITHK) pa3HOCTH nOTeHH,HaJIOB He TOJIBKO B 
TOHKe npo6oa, ho no Been aanne MHTOxonapnH, koto pan npeacTaBjuieT co6oh 
npOBOflHHK C 3KBHnOTeHU,HaJIBHOH nOBepXHOCTBK). CjieflOBaTeJIBHO, TaKHe flJIHHHBie 
HHTHaTBie MHTOXOHflpHH (J)H 6 po 6 jiaCTOB MOiyT npeaCTaBJIflTB C 060 H 3JieKTpHHeCKHe 
npoBOflHHKH, Moryuine nepeaaBaTb pa3HOCTB noTeHu,HajiOB Ha MUTOxoiinpHaabii bix 
MeM 6 paHax Ha 6 ojibHiHe paccToaHHH h oSteaHHaTB yaajieHHbie ynacTKH 
U,HTOnJia3MBI. 

3to 3HanHT, hto h b cjiynae rnraHTCKHx pa3BeTBJieHHbix mhtoxoh^phh b jho6oh 
ee TOHKe mokct Ha BiiyTpenneH MeM 6 paHe naKoniiTbCH noTeHu,Haji, aocTaTomibin 
flJIH TOTO, HT 06 BI HanaJICH CHHTe3 ATO). C 3THX n03HH,HH M HTOXO IIH p H aa b II bl H 
peTHKynyM npeacTaBjuieT co6oh KaK 6bi 3ji e kt p h h e c k h ii npoBoanuK, Ka 6 enB, 
COeflHHHKDHIHH OT^aJieHHBie TOHKH TaKOH CHCTeMBI. M HTOXOI I^P HBH b II bl H peTHKynyM 
M05KeT OKaaaTbCH onenb nojie3HbiM He tojibko j\ji% mchkhx noHBHVKiibix rjictok, Taxnx 
KaK xjiopejuia, ho h ^jih 6 onee KpynHbix, TaM, rae TpeSyeTca Koonepapmi h 
CHHxpOHH3au,Ha b paSoTe mhothx CTpyKTypHBix eflHHHu, tbkhx KaK, HanpHMep, 
MHO(J)H 6 pHJUIBI B CKeJieTHBIX MBIHIU,aX. 

KaK H3BeCTHO, CKeJieTHBie MBIHm,bI COCTOHT H3 MaCCBI MBIHieHHBIX BOJIOKOH, 
CHMnjiacTOB, coaep'/KauiHx MHoacecTBO aaep. ,Z],jiHHa TaKHx MbimeHHBix bojiokoh 
HOCTiiraeT 40 mkm, npn TOjmnnie 0,1 mkm - 3to mraiiTCKaH CTpyKTypa, coaepacamaa 
BeJIHKOe MHOJKeCTBO MHO(j)H6pHJIJI, BCe H3 KOTOpBIX COKpaHjaiOTCH OflHOBpeMeHHO, 
CHHXpOHHO. TaKOTO COKpameHHH K Ka^KflOH eflHHHU,e COKpaUieilHH, K Ka>KHOMy 

capKOMepy mhoc|)h6phjiji, hoh/Kiio 6bitb aocTaBneno ooabuioe KOJiHHecTBO ATO). Ha 
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npOAOJIBHLIX yjIBTpaTOHKHX Cpe3ax CKeJieTHBIX MBimU, B 3JieKTpOHHOM MHKpOCKOne 
BHflHBi MHoroHHCJieHHBie OKpyrjiBie MenKHe ceneHHJi m h to x o n a p h h , 

pacnonaraiomHxca b coceflCTBe c capKOMepaMH (pnc. 217). Ecjih >Ke HCCJieflOBaTB 
nonepeHHBie cpe3Bi MBimeHHBix bojiokoh Ha ypOBHe z-^hckob, to bh^ho, hto 
MBIHieHHBie MHTOXOHflpHH npeflCTaBJHHOT COSOH He MeJIKHe HiapHKH HJ1H naJIOHKH, a 
Kax 6bi nayKOo6pa3HBie CTpyKiypBi, otpoctkh KOTOpBix MoryT bctbutbch h 
npocTHpaTBca Ha SojiBinne paccTOJiHHJi, HHopua nepe3 Been nonepeHHHK mbihichhoto 
BOJIOKHa. npH 3TOM pa3BeTBJieHHH MHTOXOHflpHH OKpy5KaiOT KB/KayiO MHO(j)H6pHJIJiy 
b MBimeHHOM BOJiOKHe, cna6>KaH hx ATO, HeoSxoflHMoro fljia mbihichhoto 
coKpameHHa. Cjie^OBaTejiBHO, b hjiockocth z-^ncxa mhtoxohaphh npeflCTaBJieHBi 
THnHHHBIM MHTOXOHflpHaJIBHBIM peTHKyjiyMOM - eflHHOH MHTOXOHflpHaJIBHOH 
CHCTeMoii. TaKoii njiacT hjih 3Ta>K m h toxo n h p h a a b n o ro peTHKyjiyMa noBTOpneTca 
flBajK^Bi Ha Ka'/KHBiii capKOMep, a Bee MBiuiemioe bojiokho HMeeT tbichhh nonepenno 
pacnono>KeHHBix “nosTamiBix” njiacTOB m h toxo n a p h a ji b n o ro peTHKyjiyMa. Ebijio 
o6napy>Keno, hto MOK^y “sTa/KaMii” b^ojib mho(|>h6phjiji pacnojiaraiOTCH niiTHaTBie 
MHTOXOHflpHH, COCHHIHIIOUHie 3TH MHTOXOHflpHaJIBHBie nJiaCTBI. TeM CaMBIM 
C03/iaeTCH TpexMepHaa KapTiina m MTOxoiinpuaji biio ro peTHKyjiyMa, npoxonflmero 
nepe3 BecB o6bcm mbihichhoto BOJIOKHa (pnc. 218). 

3flecB >Ke 6bijio o6napy>Keno, hto KaK MC/Kjiy ot bct bjic n h ji m h 

MHTOXOHflpHaJIBHOTO peTHKyjiyMa, TaK H MOK/iy HHM H IIMTeBM JHIBIMM npOflOJIBHBIMH 
MHTOXOHApHHMH CymeCTByiOT Cneil,HaJIBHBie MC/K M HTOXO II HP H ajl B II BIC COeHHIieniHI 
hjih KOHTaKTBi (MMK). Ohh o6pa30BaHBi njiOTHO npnjieraiOHiHMH napy'/KiiBiMii 
MHTOXOHflpHaJIBHBIMH MCMOpaiiaMH KOHTaKTHpyKMHHX MHTOXOHflpHH, 

Me>KMeM6paHHoe npocTpaHCTBO h MeMSpaHBi b stoh 30He hmciot noBBimeHHyio 
3JieKTpOHHyio njiOTHOCTB (pnc. 219). Ebijio c^ejiaHO npeflnojiojKeHHe, hto nepe3 3th 
cneu,HajiBHBie oopaBOBaniia mo>kct nponcxoflHTB (jiyHKii,HOHajiBHoe oSBenHiieime 
COCeflHHX MHTOXOHflpHH H MHTOXOHflpHaJIBHBIX peTHKyjiyMOB B CHHIiyiO, 
KOonepaTHBHyio 3nepreTii L iecKyio CHCTeMy. Bee mhoc|)h6phjijibi b mbihichhom 
BOJiOKHe eoKpamaiOTCH chhxpohho no Been hx fljiHHe, cjieflOBaTejiBHO, h 
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nocTynnemie ATd> Ha jik>6om ynacrae stoh cjio>khoh Mamin ibi TO>Ke aoJimio 
npOHCXOflHTB CHHXpOHHO, a 3TO MO'/KCT npOHCXOflHTB J1HHIB B TOM CJiyHae, eCJlH 
OrpOMHOe KOJIHHeCTBO pa3BeTBJieHHBIX MHTOXOHflpHH-npOBOflHHKOB OyHCT CBfliailO 

apyr c flpyroM KJieMMaMH-KOHTaKTaMH (MMK). 

/l,OKa3aTB to, hto MMK fleiiCTBHTejiBHO ynacTByiOT b 3 i i e p reT h h e c ko m 
oSBeflHHeHHH MHTOxoH^pHH apyr c apyroM yaanocB Ha flpyroM THne nonepemio- 
HCHepneHHHBix mbihiu, - Ha Ka pa h o m h o h h t ax , KJieTKax cepaenimix mbihiu,. 

OKa3aJIOCB, HTO XOHapHOM KJieTOK CepaeHHOH MBIHIU,BI He o6pa3yeT BCTBaUHlXCH 
CTpyKTyp, a npeacTaBnen miio'/KCCtbom neooaBuinx BBiTmiyTBix m htoxo Hap hh , 
pacnoaaraiouinxcH 6e3 ocoooro nopnaxa Me5Kay m h o (J) h 6 p h ji ji a m h . OaHaKO 6 bijio 
iianaeno, hto Bee coceaHHe MHTOxoHapHH CTBixyiOTCH apyr c apyroM c noMOumio 
MHTOXOHapHaJIBHBIX KOHTaKTOB TaKOTO '/KC THna, KaK B CKeJieTHOH MBIHIU,e, TOJIBKO HX 
hhcjio one n b BejiHKo: b cpeaHeM Ha oaHy MHTOxoHapHio npuxonuTCfl 2-3 MMK, 
KOTOpBie CBH3BIBaK)T MHTOXOHapHH B eaHHyK) U,enB, Tae Ka>KaBIM 3B6IIOM TaKOH H,enH 
(Streptio mitochondriale) jibhjictch OTHen Biian MHTOxoiiapiia (pnc. 220). Taxon ran 
XOHapHOMa TaK/KC MO/KCT CJiy5KHTB peJIHM CHHXpOHHOTO COKpaUieilHJI Bcex 
CapKOMepOB B MHO(J)H6pHJIJiaX Ka pa H O M H O H H TO B . TaKOH KOOnepaTHBHOH 

KOOpaHHapHH MHTOXOHapHH aOJI>KHBI CJiy>KHTB MIIO'/KeCTBeilllBie 

MOKMHTOXOHapHaJIBHBie KOHTaKTBI (pHC. 221, 222). 

^jih aoKa3aTejiBCTBa stoh rnnoTe3Bi 6 bijih HcnojiB30BaHBi k a p a H O M H O H H T B I 
3 m6phohob KpBiCBi b KyjiBType TKaHH. 3 th KJieTKe hmciot reTeporeHHBie no pa3Mepy 
H (jlOpMe MHTOXOHapHH, paCnOJIOJKeHHBie Me>Kay MHO(J)H6pHJIJiaMH (pnc. 223). B 
3JieKTp0HH0M MHKpocKone 6 bijio ooiiapy>Keiio, hto Me /Kay iickotopbimh 
MHTO xoHapHHMH 6 bijih BHaHBi MMK, oOBeammomiie hx b iieooHBuiiie rpynnBi - 
KJiacTepBi. B aaJiBHenmeM 6 bijih npoBeaeHBi 3KcnepHMeHTBi, aHajiornHHBie TeM, 
KOTOpBie 6 bijih caeJiaHBi Ha KyjiBType (jiHopoSaacTOB: MHTOxoHapHH jkhbbix 
K apaHOMHOU,HTOB OKpaiHHBaJIH 3THJIpOaaMHHOM, a 3aTeM OaHy H3 MHTOXOHapHH B 
rpynne odjiynajiH na3epHBiM MHKponyHKOM. OonyHeime oanHOHHBix MHTOxoHapHH 
npHBoaHJio k OBiCTpoMy hx TameHHK). B oaHHx cjiynaiix noracajia tojibko 
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oSaywennaa m m t o x o ii a p h a , b apyrux - Tepaaa jiK)MHHecu,eHu,Hio bch rpynna 
MHTOxoHflpHH (pHC. 224). 3aexTpOHHaa MHxpocxonHa noKa3ajia, hto b nocjie^HeM 
caynae mhtoxoh/iphh b KJiacTepe 6bijih c Basai ibi apyr c apyroM c noivioiHBio MMK. 
Cne^OBaTejibHO, ecuH oamiOHiibie mhtoxoh^phh TepaiOT tt Ha ponaivi m i i nocae 
aa3epHoro yxoaa BcaeacTBiie aaexTpHnecxoro npo6oa m h tox o i i a p h aa b i i o h 
MCMopanbi, to ramemie rpynnw MHTOxonapHH, CBaaaniibix MMK, aoxa3BiBaeT, hto 
MMK, Kax KaeMMbi, oSbeaHiiaiOT b eannyio u,enb noTeHpHaabi ohhiiohiibix 
MHTOxoHflpHH. llo Been BepoaTHOCTH, oSaacTH MMK npoHHpaeMbi ^aa npoTOHOB, 
KOTOpbie MoryT nepeaaBaTBca c BHyTpeHHeii m htoxo i in p h aa b i i o ii MCMopaiibi ohiioh 
MHTOXOH^pHH Ha BHyTpeHHIOK) MCMOpaiiy apyrOH, H TeM CaMBIM OObeaHIiaTb 
MHTOxoH^pHH b eaHHyio 3HepreTHHecxyio CHCTeMy. 

Kax OKa3aaocb, Men: m htoxo na p h aa b i i bi e KOHTaKTBi (MMK), xax ooa3aTenBiiaa 
CTpyKTypa cepaemibix xaeTOX, BCTpenaiOTca He ToaBKO y Kpbic. Ohh oSnapyaceiibi b 
Ka pa h o m h o u h t ax xax >xeayaoHKOB, Tax h npeacepaHH Bcex no3Bono L nibix >xhbotiibix: 
MaexonHTaKDHiHx, mam,, npecMBixaioiHHxca, aM(j)H6HH h xocthctbix pbi6. Boaee toto 
MMK Obian o6napy>xenbi (ho b MeHBineM ancae) b xaeTxax cepaua HexoTOpbix 
HacexoMBix h mohhiocxob. 3th iiaonioaeinia roBOpaT o Hpe3BBiHaiiHO BaacHOH 
SHoaoTHHecxoii poan tthx CTpyxTyp, x a p a k t e p hi y i o mu x mhtoxoiihphh hhtchchbho 
h nocToaHHO paSoTaiOHiHx xaeTOx cepaaa. 

Bbiao o6napy>xeno, hto xoannecTBO MMK b Ka pa h o m h o h h Tax H3MeHaeTca b 
3aBHCHMOCTH ot (J)yHxu,HOHaaBHOH Harpy3XH Ha cepape. Tax, ecan y xpbic BBi3BaTB 
TxcnepHMeHTaabHoe ycnaeHHe paSoTBi cepaenHOH mbihipbi, HanpHMep npn 
xoMneHcaTOpHOH rnnepTpocjDHH MHOxapaa (nacTHHHaa nepeBa3xa aopTBi), to 
xoannecTBO MMK yBeaHHHBaeTca noHTH B^Boe. yBeaHHHBaeTca nncao MMK h npn 
nOBBIHieHHH (j)H3HHe CXHX Harpy30X 5XHBOTHBIX. HaoSopOT, npn OTpaHHHeHHH 
noflBHacHOCTH acHBOTHBix, naxonamHxca b tcchbix xaMepax 6oaee 4-x MecaueB (xax 
b xocMHnecxoM xopaSae), npn naaeinni Harpy3XH Ha cepaennyio MBirnpy, 
npoHCxo^HT pe3xoe coxpaipeHHe nncaa MMK. 
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Te >Ke 3aK0H0MepH0CTn naSaioaaeTCH h y npyrnx jxhbothbix b ecTecTBeHHBix 
ycnoBHax hx >xh3hh. Tax yMeHBinaeTCfl hhcjio MMK y 3hmhhx cnamnx jieTynHx 
MBimeii, y 3HMyioiHHx cypKOB. Pe3KO B03pacTaeT hhcjio MMK b xap^HOMHopHTax 
jieTaromHx CTproxen, no cpaBHeHmo c hx nTemiaMH #o BtuieTa H3 me3fla. H 3 3thx 
HaSjnofleHHH mo>kho c^ejiaTB o6o6meHne: neM Bbime (J)yHKu,noHajiBHaa Harpy3xa Ha 
KapflHOMHOu,HTbi, HeM Bbime noTpeSjieHHe BHeprHH, TeM SojiBHiee xojiHHecTBO MMK 
CBM3BIBaeT OTfleJIBHBie MHTOXOHflpHH B CHHIiyiO KOOnepaTHBHyK) CHCTeMy. 

Ha pHC. 225 npencTaBaeiiBi BapnaHTBi opraHH3au,HH xoimpiioivia b pa3JiHHHBix 
KJieTKaX. XOHflpHOM MO/K6T HMCTB pa3JIHHHyiO K0Mn03HU,HK) B 3aBHCHMOCTH OT 
3HepreTHnecKHx noTpeSHOCTen xjieTXH. B npocTennieM (h name BCTpenaiomeMOi ) 
cjiynae oh mo'/KCt 6bitb npencTaBJien miio/KCCtbom pa3p03HeHHBix neooaBuinx 
MHTOXOHApHH, (}) V 1 1 K H H O II H p y I O HI H X HC3aBHCHMO flpyT OT flpyra H CIia6/KaiOUHlX AT<t> 
HeSojiBHine ynacTXH u,HTonjia3MBi. B npyroivi cjiynae HJnniiibie h pa3BeTBJieHHBie 
MHTOxoH/ipHH MoryT 3iiepreTM L iecKii oSecnemiBaTB omaneniiBie flpyr ot flpyra 
ynacTKH khctkii. BapiiaiiTOM Taxon npOTJDxeHHOH chctcmbi MO>xeT 6bitb xoiihphom 
Tnna m htoxo 1 m p h an b 1 1 o ro peTHxyjiyMa, xoTOpBin BCTpenaeTca xax y onnoKaeTOHiiBix, 
Tax H y MHOTOXJieTOHHBIX OpraHH3MOB. Ocooeimo CJI05XH0 3T0T BHH XOHflpHOMa 
BBipa^xeH b cxejieTHBix MBimpax m ji e ko n 11 t a 1 o uni x , me rpynnBi mraiiTCKiix 
pa3BeTBJieHHBix MHTOxoimpiiH CBH3aiiBi Apyr c npyroM c noMOuibio MMK. Booouie 
>xe HajiHHHe MMK xapaxTepHO fljia xoiinpuoiviOB coxpaTHMBix CTpyxTyp. Ocooeimo 
oShjibho MMK npencTaBaeiiBi b xjieTxax cepnemibix MBimu,, me ohh 
(J)yHXU,HOHaJIBHO CBH3BIBaiOT MIIO'/XeCTBeilllBie OmeJIBHBie MHTOXOHflpHH B ejmiiyio 
pa3BeTBJieHHyK) u,enB. 

Eiasa 19. IljiacTHjbi 

njiacTH^Bi - 3to MeMopainiBie opraiioimBi, BCTpe L iaiouiiiecH y 
(|)OTOCHHTe3HpyK)HiHx ayxapHOTHnecxHx opraHH3MOB (BBicmne pacTeHHa, HH3mne 
BOflOpOCJlH, HeXOTOpBie OflHOXJieTOHHBie OpraHH3MBl). nonoSlIO MHTOXOimpHJIM, 
njiacTH^Bi oxpyjxeHBi HByiviH MeMopanaivm, b hx MaTpnxce hmcct ch coocTBeimaa 
reHOMHaa CHCTeMa, (J)yHxu,HH njiacTHfl CBmaHBi c 3Heproo6ecneneHHeM xjieTxn, 
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HflymHM Ha UVaCIBI (J)0T0CHHTe3a. y BBICHIHX paCTeHHH HaH^eH U,eJlBIH Ha6op 
pa3JiHHHBix naacTHfl (xaoponjiacT, jieiiKonjiacT, aMHJionjiacx, xpOMonaacT), 
npeacTaBJiaiOHiHx co6oh p aa B3aHMHBix npeBpameHHH oaHoro BHaa naacTH^Bi b 
apyrofi. Ochobhoh CTpyKTypoii, KOTOpaa ocymecTBJiaeT (}) oto c h iitct h h e c k h e 
npopeccBi, aBJiaeTca xjioponjiacT (pnc. 226a). 

XjioponjiacT 

Rax yace yKa3BiBaaocB, CTpoeHHe xjioponjiacTa b npHHpHne HanoMHHaeT 
CTpOeHHe MHTOXOIiapUH. OOBIHIIO 3TO CTpyKTypBI yHJIHHeHHOH (J)OpMBI C HIHpHHOH 2- 
4 mkm h npoTaaceHHOCTBK) 5-10 mkm. y 3eaeHBix Boaopocjieii BCTpenaiOTca 
rnraHTCKHe xjioponjiacTBi (xpOMaTO(J)opBi), aocTHraiomne ajihhbi 50 mkm. 
KojiHHecTBO xjioponaacTOB b KJieTKax pa3HBix pacTeHHH He CTanaapTiio. Tax, y 
3eneHBix Boaopocjieii MoaceT 6bitb no oaHOMy xjioponjiacTy Ha KJieTKy. 06bihho Ha 
KJieTKy bbichihx pacTeHHH npHxoaHTca b cpe^HeM 10-30 xjioponjiacTOB. 
BcTpenaiOTca kjictkh c orpOMHBiM kojikhcctbom xjioponjiacTOB. HanpHMep, b 
rnraHTCKHx KJieTKax najincaanon TKaHH MaxopKH o6napyaceno okojio 1000 
xjioponjiacTOB. 

XjioponjiacTBi npeacTaBJiaiOT co6oh CTpyKTypBI, orpamiHeniibie acyMa 
MeMSpaHaMH - BHyTpeHHeii h BHeiHHeii. BHenmaa MeMSpaHa, Rax h BHyTpeHHaa, 
HMeeT miuniny okojio 7 mkm, ohh OTaeaeiibi apyr ot apyra m e ac m e m 6 p a ii ii b i m 
npocTpaHCTBOM okojio 20-30 hm. BHyTpeHHaa MCMopana xjioponjiacTOB OTaejiaeT 
CTpOMy njiacTHaBi, aHajiorHHHyio MaTpHKcy MHTOxoHapHil. B CTpOMe 3pejioro 
xjioponjiacTa bbichihx pacTeHHH BHaHBi aea THna BHyTpeHHHx MeMSpaH. 3to - 
MeMSpaHBi, o6pa3yiOHiHe njiocKne, npoTaaceHHBie jiaMejuiBi ctpombi . h MeMSpaHBi 
THJiaKOHaOB . nJIOCKHX aHCKOBIiailBIX BaKyOJieil HJIH MeiHKOB. 

JiaMejuiBi CTpOMBi (tojhhhhoh okojio 20 mkm) npeacTaBJiaiOT co6oii njiocKne 
nOJIBie MeiHKH HJIH ace HMeiOT BHa CCTM H3 pa3BeTBJieHHBIX H CBa3aHHBIX apyr c 
apyroM KaHajiOB, pacnojiaraiOHiHxca b oaHoii njiocKOCTH. OSbihho JiaMejuiBi CTpOMBi 
BHyTpH xjioponjiacTa jieacaT napajuiejiBHO apyr apyry h He o6pa3yiOT CBa3eii Meacay 
co6oii. 
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KpOMe MCMopan CTpOMbi b xjioponjiacTax oSnapy/KiiBaiOTca MCMopainibie 
THJiaKOHjbi. 3to nnocKHe 3aMKHyTBie MeMSpaHHbie MeniKH, HMeromae (J)opMy flHCKa. 
BenHHHHa MC/K m e m 6 pa n n o ro npocTpaHCTBa y hhx Taioxe okojio 20-30 hm. Tarne 
THJiaKOHflBi o6pa3yK)T ctoiikh iianoaoSne CTOJiSmca Money Ha3BiBaeMBie rpaHaMH 
(pHC. 227). Hhcjio THJiaKOHflOB Ha o/uiy rpaHy oieiib BapbHpyeT: ot HecKOJibKHx 
HiTyK a, o 50 h 6ojiee. Pa3Mep TaKHx CTonox MO>xeT flocraraTb 0,5 mkm, noTTOMy 
rpaHbl BHHIIbl B HeKOTOpbIX oObCKTaX B CBeTOBOM MHKpOCKOne. KoJIHHeCTBO rpaH B 
xjioponjiacTax bbichihx pacTeHHH MO>xeT flocraraTb 40-60. THJiaKOHflbi b rpaHe 
coaH/Keiibi flpyr c ypyroM Tax, hto BHeniHHe cjioh hx MCMopan tccho coeyiiiHuoTca; 
b MecTe coeflHHeHHa MeMSpaH THJiaKOH^OB o6pa3yeTCn njiOTHbiii cjioh tojiihhhoh 
okojio 2 hm. B cocTaB rpaHbi KpOMe 3aMKHyTbix xaMep THJiaKOHflOB oObihiio BxoyflT h 
ynacTKH jiaMejui, KOTOpbie b MecTax KOHTaKTa hx MCMopan c MCMopanaMii 
THJiaKOHflOB to'/KC o6pa3yiOT njiOTHbie 2-hm cjioh. JlaMejuibi CTpOMbi, TaKHM o6pa30M, 
KaK 6bi CBH3biBaiOT Me>Kay co6oii oyzjejibHbie rpaHbi xjioponjiacTa. OynaKO nojiocTH 
KaMep THJiaKOHflOB BCC3/ia 3aMKHyTbi h He nepexoaaT b KaMepbi Me>KMeM6paHHoro 
npocTpaHCTBa JiaMejui CTpOMbi. JlaMejuibi CTpOMbi h MCMopaiibi THJiaKOH^OB 
oopaayiOTca nyTeM OTaeaeniia ot BHyrpeHHeii MCMopaiibi npn HanajibHbix iTanax 
pa3BHTHH nJiaCTHfl. 

B MaTpHKce (cTpOMe) xjioponjiacTOB o6napy>KHBaiOTCH MOJieKyjibi /)HK, 
pn6ocoMbi; TaM >Ke npoHCxo^HT nepBHHHoe OTJioiKeHHe 3anacHoro nojincaxapn^a, 
KpaxMajia, b Biiye KpaxMajibHbix 3epeH. 

C&YHKUHH XJIOponJiaCTQB 

XjioponjiacTbi - ito CTpyKiypbi, b KOTOpbix nponcxoaHT cf) oto c m iitgt h h e c k h e 
npoueccbi, npuBoaauiHe b kohchhom HTore k CB5i3biBanwo yrjieKHCJiOTbi, k 
BbiflejieHHio KHCJiopo^a h CHHTe3y caxapoB. 

XapaKTepHbiM ^jhi xjioponjiacTOB nBJineTCn HajiHHHe b hhx nHmeHTOB, 
xjiopocjiHJiJiOB, KOTOpbie h npH^aiOT OKpacKy 3ejieHbiM pacTeHHUM. npn noMomn 
xjiopocjiHJiJia 3ejieHbie pacTeHHH noraomaiOT BHeprnio cojiHenHoro CBeTa h 
npeBpamaiOT ee b xHMHHecKyio. noraomefflie CBeTa c onpeflejieHHoii ajihhoh bojihbi 
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npuBOflHT k n3MeHeHHK> b CTpyKType MOJieKyjiBi xnopo(j)HJiJia, OHa nepexoaHT npn 
3tom b B036yacaeHHoe, aKTHBHpOBaHHoe cocToaHHe. OcBoSoacaaioiuaaca aHeprna 
aKTHBHpOBaHHoro xjiopo(J)HJiJia nepc3 pan n poMeacyron n bi x 3TanoB nepenacTca 
onpeaeaeHHBiM chhtcthhccxhm npopeccaM, npHBoaaiuHM k CHHTe3y ATO h k 
BOCCTaHOBJiemiK) axpemupa aaexTpOHOB HA/1,0 

(HHKOTHHaMHaaaeHHHaHHyKaeoTHa) no HA/JO-H, KOTOpBie TpaTaTca Ha peaxunn 
CBa3BiBaHHa C0 2 h chhtc3 caxapOB. 

CyMMapHaa peaxmia (j)OTOCHHTe3a mo/XCt 6bitb BbipaaceHa caeayiouiHM 
o6pa30M: 

nC0 2 + nH 2 0 CBeT ==> (CH 2 0) n + n0 2 (I) 

XJIOpOt|)HJIJI 


TaKHM o6pa30M, raaBHbiii htotobmh npouecc saecb - CBa3biBaHHe aByoxncH 
yraepoaa c iicnoabBOBanne Boabi aaa o6pa30BaHHa paaaimiibix yraeBoaoB h 
Bbiaeaenne xncaopona. MoaeKyabi xncaopona, xoTOpbin BbiaeaaeTca b npouecce 
(J)OTOCHHTe3a y pacTeHHH, o6pa3yeTca 3a cneT rnapoaroa MoaeKyabi Boabi. 
CaeaoBaTeabHO, npouecc (j)OTOCHHTe3a BxmonaeT b ce6a npouecc THupoaroa boubi, 
KOTOpaa cayacHT oaHHM H3 hctohhhxob aaexTpOHOB Han aTOMOB Boaopoaa. 
BHOXHMHaecKHe HecaeaoBaHHa noKa3aaH, hto npouecc (j)OTOCHHTe3a npeacTaBaaeT 
co6oh caoacHyK) uenb coSbithh, 3axaK)HaiomyK) b ce6e nee (j)a3bi: CBeTOByK) h 
TeMHOByK). IlepBaa, npOTexaioiuaa ToabKO Ha CBeTy, CBa3aHa c noraomeHHeM CBeTa 
xaopocj)HaaaMH h c npoBeaeHHeM (jDOTOXHMHnecxoH peaxunn (peaxuna Xnaaa). Bo 
BTOpoii (J)a3e, xoTOpaa mo/XCt naTn b TeMHOTe, nponcxoaHT cfaixcauna h 
BOCCTaHOBaeHHe C0 2 , npHBoaaiuHe x CHHTe3y yraeBoaoB. 

B pe3yabTaTe cbctoboh (j)a3bi nponcxoaHT (J)0T0(j)0C(J)0pHaHp0BaHHe, chhtc3 
ATO H3 A/1,0 h (J)occj)aTa c ncnoab30BaHHeM uenn nepeHOca aaexTpOHOB, a Taxace 
BOCCTaHOBaeHHe xo(j)epMeHTa HA/TO (HHxoTHHaMHuaueHHHUHHyxaeoTHU(])oc(f)aT) b 
HA/JO-H, nponcxonaiuero npn THapoaH3e h HOHH3auHH boubi. B stoh (j)a3e 
(|)OTOCHHTe3a 3Heprna coanennoro CBeTa B036yacaaeT aaexTpOHbi b Moaexyaax 
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xnopo(j)HJiJia, koto p Lie pacnono>xenbi b MCMopanax THuaxonpoB. 3th BOBoy'/xaemibie 
oaeKTpOHbi nepeHOcaTca no KOMnoHeHTaM OKHCJinTeabHon penn b THJiaxonpHOH 
MCMopane, nopoono TOMy xax ajiexTpOHbi TpancnopTupyiOTca no pbixarejibHOH perm 
b MeMSpaHe mhtoxohpphh. 3Heprna, ocBoSoacpaioipaaca npn TaxoM nepeHOce 
ojieKTpOHOB, ncnojib3yeTca pna nepexanHBaHHa npoTOHOB nepes THjiaxoHpHyio 
MCMOpany BHyTpb THJiaXOHpOB, l ITO npHBOpHT K B03paCTaHHK) pa3HOCTH 
noTeHpnajiOB Meacpy CTpOMOH n npocTpaHCTBOM BHyTpn THJiaxoHpa. Tax>xe xax h b 
MCMopanax xpHCT mhtoxohpphh b MCMopanax THJiaxoHpoB BCTpoeHbi MOJiexyjiapHbie 
KOMnnexcbi AT<I)-CHHTeTa3bi, KOTOpbie naHnnaiOT 3aTeM TpaHcnopTHpOBaTb npoTOHbi 
oopaTiio b MaTpHKC xnoponjiacTa, hjih CTpOMy, n napajuiejibHO 3 to My 
(J)occj)opHJiHpOBaTb A,Zl,<t>, T.e. CHHTe3HpOBaTb ATO (pnc. 228, 229). 

TaxHM o6pa30M, b pe3yabTaTe cbctoboh (J)a3bi nponcxopHT chiitcs ATO n 
BOCCTaHOBJieHne HA/)cp ? xoTOpbie 3aTeM Hcnojib3yiOTca npn BOCCTaHOBJieHnn CO 2 , b 
CHHTe3e yraeBopoB y>xe b tcmhoboh (J)a3e (J)OTOCHHTe3a. 

B tcmhoboh (He3aBHcameH ot noTOxa (Jdotohob) CTapnn (j)OTOCHHTe3a 3 a cneT 
BOCCTaHOBJieHHoro HA/)cp h 3Heprnn AT<I> nponcxopHT CBa3biBaHne aTMOC(J)epHoro 
CO 2 , hto npnBopHT x o6pa30BaHHK) yraeBopoB. 3tot npopecc (J)Hxcau,nn CO 2 n 
o6pa30BaHHa yraeBopoB coctoht H3 mhothx 3TanoB, b xoTOpbix ynacTByeT Sojibmoe 
HHCJIO (jDepMeHTOB (u,HXJI KaJIbBHHa). EHOXHMHHeCXHMH HCCJiepOBaHHaMH 6bIJ10 
noxa3aHO, hto (j)epMeHTbi, yHacTByiounie b tcmiiobbix peaxpnax, copepacarca b 
BopopacTBOpHMon (j)paxu,HH xjioponjiacTOB, copep'/xameH xoMnoHeHTbi MaTpnxca- 

CTpOMbl 3THX nJiaCTHp. 

npopecc BOCCTaHOBJieHna CO 2 HannHaeTca c ero npHeoepHHeHHa x 
p m 6yn o 3 op m cf) o c (}) aTy, ymeBopy, cocToaipeMy H3 5 aTOMOB yraepopa c o6pa30BaHneM 
KopoTKO>xH By uiero Ce-coeaHiiemia, xoTOpoe cpa3y pacnapaeTca Ha pBa C 3 - 
coepnHeHna, Ha pBe Moaexypbi raHu,epHp-3-(j)oc(|)aTa. 

Hmchho Ha 3 tom 3Tane npn xapSoxcnjinpOBaHHH pn6yao3opH(J)oc(J)aTa h 
nponcxopHT CBa3biBaHHe CO 2 . ^aabHenmne peaxpHH npeBpaipeHHa TPHpepHp-3- 
(|)0C(j)aTa npHBopaT x CHHTe3y pa3JiHHHbix rexco3 h neHT03, x pereHepapHH 
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pH6yji030flH(J)0C(J)aTa h k ero hobomy BOBnenemiK) b h,hkji peaKii,nii CBH3BiBamtti CO 2 . 
B KOHenHOM cneTe b xnoponnacTe H3 rnecTH MOJieKyn CO 2 o6pa3yeTCK o^Ha 
MOJieKyna reKC03Bi, 3Toro npopecca TpeSyeTCn 12 MOJieKyn HA/)(t>-H h 18 
MOJieKyn ATO, nocTynaiomHx H3 cbctobbix peaKiprii (j)OTOCHHTe3a. 06pa30BaBHiHHOi 
b pe3yjiBTaTe tcmhoboh peaKu,nn (j)pyKT03a-6 -(j)oc(J)aT rslqt Hanajio caxapaM, 
nojiHcaxapH^aM (KpaxMan) h rajiaKTOJi w n h^bm . B CTpOMe xnoponnacTOB KpOMe Toro 
H3 HaCTH rJIHU,epH^-3-(|)0c4)aTa 06pa3yK>TOI >KHpHBie KHCJIOTBI, aMHHOKHCJIOTBI H 
KpaxMan. Chhtc3 caxap03Bi jaBepmaeTcn b u,HTonjia3Me. 

B CTpOMe xnoponjiacTOB npoHCxoflHT BOCCTaHOBJieHHe hhtphtob aMMHaxa, 
3 a cneT 3Heprnn 3JieKTpOHOB, aKTHBHpOBaHHBix cbctom; b pacTemnix stot aMMHax 
CJiy>KHT HCTOHHHKOM a30Ta npH CHHTe3e aMHHOKHCJIOT H HyKJieOTHflOB. 

OHToreHe3 h (jwHKiiMOHajibHbie nepecTpoiiKM miacTMii 

Mhothx HCCJieflOBaTejieii 3aHHMan Bonpoc o npoHCxojKfleHHH njiacTHfl h o 
nyTHx hx o6pa30BaiiHJi. 

Eme b KOHpe no3anponuioro ctojicthu 6bijio HaiifleHO, hto y HHTnaTOH 3eneHoii 
BOflOpocuH cnnpornpBi ^ejieHHe kjictok npn BereTaTHBHOM pa3MHO>KeHnn 
conpoBOJK^aeTOi ^eneHneM hx xpOMaTO(j)opa nyTeM nepeTiDKKH. IIoflpoSHO 
HCCJieflOBaHa cyntSa xjioponjiacTa y 3eneHOH bo,hopocjih xHaMH^OMOHa^Bi (pHC. 
230). OKa3anocB, hto npn SecnojiOM, BereTaTHBHOM pa3MHO>xeHHH cpa3y BCJiefl 3a 
^ejieHHeM a^pa HacTynaeT nepeniHypOBKa rnraHTCKoro xpOMaTO(J)opa Ha ^Be nacTH, 
Ka^K^aa H3 KOTOpBix nonaaaeT b o/niy H3 ^onepHHx kjictok, r^e jiopacTaeT % o 
hcxo^hoh BejiHHHHbi. TaKoe >Ke paBHoe pas/ieaenne xjioponjiacTa npoHCxo^HT h npn 
(|)0pMHp0BaHHH 300cnop. IIpH o6pa30BaHHH 3HTOTBI nocjie cjih^ihh^i raMeT, Ka^K^aa 
H3 KOTOpBix cojiep'/Kajia xjioponjiacT, nocjie oOBejuineinni a^ep xjioponjiacTBi CHanajia 
c o e^HHuiOT cn tohkoh nepeMBiHKOH, a 3aTeM hx coaep'/KHMoe cjiHBaeTCn b o,zuiy 
KpynHyio njiacTH^y. 

Y bbichihx pacTeHHH TaK>Ke BCTpeHaeTOi ^ejieHHe 3pejiBix xjioponjiacTOB, ho 
ohciib pe^KO. yBeaHHemie HHCJia xjioponjiacTOB h o6pa30BaHHe flpyrnx (j)opM 
njiacTHfl (jieiiKonjiacTOB h xpOMonjiacTOB) cjie^yeT paccMaTpHBaTB KaK nyTB 
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npeBpameHiM CTpyKTyp-npeaniecTBeHHHKOB, nponaacTiia . Beet ace npopecc 
pa 3 BHTHH pa 3 JIHHHBIX nJiaCTHfl MO'/KIIO IipeflCTaBHTB B BH^e MOHOTpOnHOrO (Hflymero 
b oflHOM HanpaBJieHHH) paaa cmchbi (jiopM: 

nponjiacTH^a — > aeniconaacT — > xnoponnacT — > xpOMonnacT 

I 

aMHJionnacT T 

Mhothmh HCCJieflOBaHH^MH 6biji ycTaHOBJieH HeoSpaTHMBiii xapaKTep 
OHToreHeTHHecKHx nepexoaoB naacTHa. Y bbichihx pacTeHHH B 03 HHKH 0 BeHne h 
pa 3 BHTne xnoponjiacTOB nponcxoanT nepe 3 n 3 MeHeHna nponaacTHa (pnc. 231). 

IIponjiacTHflBi npeacTaBaniOT co6oh MenKHe (0,4-1 mkm) aByMeMSpaHHbie 
ny3BipbKH, He HMeiomne OTHHHHTeabHbix nepT hx BHyTpeHHero CTpoenna. Ohh 
OTJiHnaiOTCfl ot BaKyoneii u,HTonjia3MBi 6ojiee hjiothbim c on e p >k n m b i m h i i an n h n e m 
flByx ot r p a 1 1 n h n Ba i o lh n x MCMopan, BHeniHeii h BHyTpeHHeii (nanoaoone 
npoMHTOxoHflpHaM y apo/K/KCBbix KJieTOic). BiiyTpeiiiHia MCMopana MonceT aaBaTb 
neSonbunie cicnaaKH nan o6pa30BbiBaTb MeaKne BaKyoan. nponaacTHabi name Bcero 
BCTpenaiOTCH b aeaauinxca TKannx pacTeHHH (KaeTKH MepHCTeMbi Kopim, aHCTbeB, b 
tohkh pocTa CTeSaeii h ap-)- no Been BeponTHOCTH, yBenHneHHe hx ancaa 
nponcxoanT nyTeM aeneniHi nan noHKOBanna, OTaenennn ot Teaa nponaacTHabi 
MeaKHx aByMeMopainibix ny3bipbKOB. 

Cyab 6 a TaKHx nponaacraa 6 yaeT 3 aBHceTb ot ycaoBHH pa 3 BHTHn pacTeHHH. 
npH HOpMaabHOM ocBemeHHH nponaacTHabi npeBpamaiOTcn b xaoponaacTbi . 
CHaaaaa ohh pacTyr, npn ttom nponcxoanT o 6 pa 30 BaHHe npoaoabHO 
pacnoaoaceHHbix MeM 6 paHHbix CKaaaoK ot BHyTpeHHeii MeMSpaHbi. OaHH H 3 hhx 
npocTnpaiOTca no Been aanne naacTHabi h c})opMnpyiOT aaMeaabi CTpOMbi; apyrne 
o 6 pa 3 yiOT aaMeaabi TnaaKonaoB, KOTOpbie BbiCTpaiiBaiOTcn b BHae ctohkh h 
o 6 pa 3 yiOT rpaHbi 3 peabix xaoponaacTOB. 

HecKoabKO HHane pa 3 BHTne naacraa nponcxoaHT b TeMHOTe. Y 
TTHoanpOBaHHbix npopocTKOB nponcxoaHT b nanaae yBeannenne oobeMa naacTHa, 
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3TH0nJiaCT0B, HO CHCTeMa BHyTpeHHHX MeMSpaH He CTpOHT JiaMeJIJiapHBie 
CTpyKTypBi, a o6pa3yeT Maccy mchkhx ny 3BipBKOB , KOTOpBie CKamiiBaiOTCflfl b 
OTflejiBHtie 30HBI h #a>Ke MoryT c}) o p m h p o b aT b caovKiibie pemeTHaTBie CTpyKTypBi 
(npojiaMejiJiMpHBie Tejia). B MCMopanax STHonnacTOB co#ep5KHTca npoTOXJiopo(j)HJiJi, 
npeflmecTBeHHHK xnopo(j)HJiJia jxejiToro u,BeTa. IIo# #eiiCTBHe CBeTa H3 STHonnacTOB 
oopaayiOTCH xjioponjiacTBi, npoTOXJiopo(J)HJiJi npeBpauiaeTCH b xjiopo(J)hjiji, 
npOHCXOflHT CHHTe3 HOBBIX MCMSpaH, (j)OTOCHHTeTHHeCKHX (J)epMeHTOB H 
KOMnoHeHTOB penn nepeHOca aneicrpOHOB. 

IIpH ocBeuiemni khctok MCMopainiBie ny3BipBKH h TpySoHKH 6bictpo 
peopraHH3yK)TCM, H3 hhx pa3BHBaeTca nojiHaa CHCTeMa jiaMemi h THJiaKOH#OB, 
xapaKTepnaa #jhi HOpMajiBHoro xjioponjiacTa. 

JleHKOnJiaCTbl OTJIHHaiOTCfl OT XJIOpOnJiaCTOB OTCyTCTBHeM pa3BHTOH 
jiaMejuiapHOH CHCTeMBi (pHC. 226 6). BcTpenaiOTCfl ohh b KJieTKax 3anacaiomHx 
TKaHeii. H3-3a hx neonpeaeaennoH MOp(j)OJiorHH jieHKonjiacTBi Tpy#HO otjihhhtb ot 
nponjiacTHfl, a HHor#a h ot mhtoxoh#phh. Ohh, xax h nponjiacTH^Bi, 6e#HBi 
jiaMemiaMH, ho tcm He MeHee cnocoSHBi k o6pa30BaHHK) no# bjih^hhcm CBeTa 
HOpMaJIBHBIX THJiaKOH#HBIX CTpyKTyp H K npHoSpeTeHHK) 3eJieHOH OKpaCKH. B 
TeMHOTe JieHKonjiacTBi MoryT HaicanjiHBaTB b npojiaMejunipHBix Tejiax pa3JiHHHBie 
3anacHBie BemecTBa, a b CTpOMe HeiiKonjiacTOB ot kh a# bi B a iotc h 3epHa btophhhoto 
KpaxMajia. Ecjih b xjioponnacTax npoHCxo#HT OTJio>KeHHe Tax Ha3BiBaeMoro 
TpaH3HTOpHoro KpaxMajia, kotopbih npHcyTCTByeT 3#ecB jihhib bo Bpexoi 
accHMHJi5iu,HH CO2, to b JieHKonjiacTax MO>xeT npoHCxo#HTB HCTHHHoe 3anacaHHe 
KpaxMajia. B HexoTOpBix TKanax (3H#ocnepM 3JiaKOB, KopneBiima h KJiy6HH) 
HaKonjieHHe KpaxMajia b JieHKonjiacTax npHBO#HT k o6pa30BaHHK) aMHJionjiacTOB . 
cnjioniB 3anojiHeHHBix rpaHyjiaMH 3anacHoro KpaxMajia, pacnojio>KeHHBix b CTpOMe 
njiacTH#Bi (pHC. 226b). 

,UpyroH (J)opMOH njiacTH# y bbichihx pacTeHHH ^BJiaeTca xpOMonjiacT. 
OKpaHiHBaKDHiHHca oo bi hi io b /KCHTBiH cbct b pe3yjiBTaTe naKorneinni B HeM 
KapOTHHOH#OB (pHC. 226 r). XpOMonjiacTBi oopaayiOTCH H3 xjioponjiacTOB h 


339 



3HaHHTejiBH0 peace nx neiiKonjiacTOB (HanpHMep, b KOpHe mopxobh). npopecc 
odecuBemi Banna h inMenenna xaoponaacTOB aerKO nadaionaTb npn pa3BHTnn 
aenecTKOB nan npn co3peBaHnn naoaoB. IIpH stom b naacTHaax MoryT 
iiaKanaiiBaTBCH OKpameHHbie b aceaTbin gBeT xaneabxn (raoSyabi) nan b hhx 
noaBaaiOTca Teaa b (J)opMe KpHCTaaaoB. 3th npopeccbi conpaaceHbi c nocTeneHHbiM 
yMeHbmeHHeM nncaa MeMdpaH b naacTHae, c Hcne3HOBeHHeM xaopo(j)Haaa h 
KpaxMaaa. Ilpopecc o6pa30Bamia OKpameHHbix rao6ya odbacHaeTca TeM, hto npn 
pa3pymeHHH aaMeaa xaoponaacTOB BbiaeaaiOTca annnanbie xanan, b KOTOpbix 
xopomo pacTBopaiOTca paaanmibie nHTMeHTbi (HanpHMep, xapOTHHonabi). TaKHM 
o6pa30M, xpOMonaacTbi npeacTaBaaiOT co6oh aerenepnpyionnie (f)opMbi naacTna, 
noaBepnyTbie aHno(j)aHep03y - pacnaay annonpoTeanbix KOMnaeKCOB. 

O0T0CHHTe3HpyH)IIIHe CTpVKTVpbl HH3UIMX TYKapHOTHHeCKHX M 

npOKapHOTHHeCKHX KaeTOK 

CapoeHHe naacraa y hh3hihx (J)OTOCHHTe3HpyiomHx pacTeHHH (3eaeHbie , 
6ypbie h KpacHbie Boaopocan) b o6ihhx aepTax cxoaHO c xaoponaacTaMH xaeTOx 
BbicniHx pacTeHHH. Hx MeMSpaHHbie CHCTeMbi Taxace coaepacaT 
(jDOTOHyBCTBHTeabHbie nHmeHTbi. XaoponaacTbi 3eaeHbix h 6ypbix Boaopocaen 
(HHoraa hx Ha3biBaiOT xpOMaTO(J)opaMH) HMeiOT Taxace Biieuimoio h BnyTpenmoio 
MeMSpaHbi; nocaeaHaa o6pa3yeT naocxne MernxH, pacnoaaraiomHeca 
napaaaeabHbiMH caoaMH, rpaHbi y sthx (jiopM He BCTpenaiOTca (pnc. 232). Y 
3eaeHbix Boaopocaen b cocTaB xpOMaTO(J)opa BxoaaT nHpeHOHabi . npeacTaBaaiomHe 
codon oxpyaceHHbie MeaxnMH BaxyoaaMH 30Hy, Boxpyr xoTOpon nponcxoaHT 
craioaceHHe xpaxMaaa (pnc. 233). 

cDopMa xaoponaacTOB y 3eaeHbix Boaopocaen oneHb pa3HOo6pa3Ha - sto nan 
aaHHHbie cnnpaabHbie aeHTbi (Spirogira), ccth (Oedogonium), nan Meaxne 
oxpyrabie, noxoacne Ha xaoponaacTbi bbicihhx pacTeHHH (pnc. 234). 

Cpean npoxapHOTHnecxHx opraHH3MOB mho rue rpynnbi odaaaaiOT 

(jDOTOCHHTeTHneexHMH annapaTaMH h hmciot b CBa3H c sthm ocodoe CTpoeHne. ,Z],na 
(|)OTOCHHTe3HpyK)IHHX MHXpOOpTaHH3MOB (CHHe3eaeHbie BOaOpOCHH H MHOTHe 
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6aKTepHn) xapaKTepHO, hto hx (j)OTOHyBCTBHTeabiibie niinvienTbi aoxaaH3yiOTca b 
nna3MaTHHecKOH MCMopane nan b ee BbipocTax, HanpaBJieHHbix Bray 6b KJieTKH. 

B MeM6paHax CHHe3eaeHbix Boaopocaeil KpOMe xaopocjiHaaa HaxoaaTca 
narMeHTbi (f)HKo6juiHHbi. OoTOCHHTe3Hpyiomne MeM6paHbi CHHe3eaeHbix 
Boaopocaeil o6pa3yiOT naocxne Mernxn (aaMeaabi), KOTOpbie pacnoaaraiOTCH 
napaaaeabHO apyr nan apyroM, unoraa oopaaya CTonxn mhm cnnpaaH. Bee sth 
MeM6paHHbie CTpyKTypbi o6pa3yK)Tca 3a cneT nHBarnHau,nii naa3MaTHHecxon 
MeM6paHbi. 

Y <J)OTOCHHTe3HpyK>mnx SaxTepnil (Chromatium) MeM6paHbi o6pa3yK)T Meaxne 
ny3bipbKH, hhcho KOTOpbix Tax Beanxo, hto ohh 3anoaiunoT npaxTHHeexn 6oabmyio 
nacTb u,HTonaa3Mbi. MoacHO BnaeTb, kbk sth ny3bipbXH o6pa3yiOTCH 3a chct 
BnaHHBaHHa h nocaeayiOLiiero pocTa naa3MaTHHecxon MeM6paHbi. 3 th MeM6paHHbie 
ny3bipbKH (hx Taxace Ha3biBaK)T xpOMaTO(J)opaMH) coaepacaT (JiOTOHyBCTBHTeabHbiH 
rinrMeiiT 6axTepHOxaopocj)Haa, xapaTHHonabi, xoMnoHeHTbi (|)OTOCHHTeTHHecxoH 
CHCTeMbi nepeHOca aaexTpOHOB h (|)0T0(j)0C(j)0pHaHp0BaHHa. HexoTOpbie nypnypHbie 
6axTepHH coaepacaT CHCTeMy MeM6paH, oopaayiouinx npaBHabHbie CTonxn, 
Hanoao6He THaaxonaoB b rpaHax xaoponaacTOB (pnc. 235). 

TeHOM naacTHj 

IIoao6HO MHTOxoHapHaM , xaoponaacTbi HMeroT coScTBeHHyK) reHeTHHecxyK) 
CHCTeMy, o6ecneHHBaK)HiyK) chhtc 3 paaa 6eaxoB BHyTpH cbmhx naacraa. B 
MaTpHxce xaoponaacTOB oOHapyacHBaiOTca /)HK, pa3Hbie PHK h ph 6 ocombi. 
Oxa3aaocb, hto ^HK xaoponaacTOB pe3xo OTannaeTca ot ^HK aapa. OHa 
npeacTaBaeHa u,nxaHHecxHMH MoaexyaaMH a-anHOH ao 40-60 mxm, hmciohihmh 
MoaexyaapHbiH Bee 0,8-1, 3x10 s aanbroH. B oaHOM xaoponaacTe MoaceT 6 bitb 
MHoacecTBO xonHH ^HK. Tax, b HHaHBHayaabHOM xaoponaacTe xyxypy3bi 
npncyTCTByeT 20-40 xonnil Moaexya /(HK. ^aHTeabHOCTb u,nxaa h cxopocTb 
penaHxau,HH anepnon h xaoponaacTHoii /)HK, xax 6biao noxa3aHO Ha xaeTxax 
3eaeHbix Boaopocaeil, He coBnaaaiOT. ,E(HK xaoponaacTOB He coctoht b xoMnaexce c 
THCTOHaMH. Bee 3 th xapaxTepHCTHXH ,ZJHK xaoponaacTOB 6 th 3 xh x 
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xapaKTepHCTHKaM ^HK n po Kap n oth h ec k h x rjictok. Bonee Toro, cxo^ctbo ,H,HK 
xnoponjiacTOB h SaicrepHH noflKpennaeTca eme h tcm, hto ocHOBHBie peryjurropHbie 
nocneflOBaTeuBHOCTH TpancKpunmni (npoMOTOpti, TepMHHaTOpBi) y hhx onunaKOBbi. 
Ha /THK xnoponjiacTOB CHHTe3HpyiOTai Bee bhabi PHK (HH(J)opMau,HOHHaa, 
Tpanc(j)epnaH, pnoocoMnaa). /THK xnoponjiacTOB KOflHpyeT pPHK, BxoaHuiyio b 
cocTaB ph6ocom sthx nuacTHfl, KOTOpbie OTHOcaTca k npoicapHOTHHecKOMy 70S 
THny (co^epJKaT 16S h 23 S pPHK). PhSocombi xnoponjiacTOB HyBCTBHTejibHbi k 
aHTHOnoTHKy xjiopaMijieHHKOJiy, no,ziaB;unomeMy cmiTea SejiKa y n p o Kapn orane c k h x 
KJ ieTOK. 

Tax >Ke xaK b cjiynae xnoponjiacTOB mbi bhobb CTajiKHBaeMca c 
cymecTBOBaHHeM ocoSoii chctcmbi cnHTe3a 6ejnca, otjihhhoh ot TaKOBOH b KJieTKe. 

3th OTKpbiTHa bhobb npoSyunjiH HHTepeC K TeOpHH C H M 6 H OT H H e C KO ro 
npoHCxo)KfleHHa xnoponjiacTOB. H^ea o tom, hto xjioponjiacTbi bo3hhkjih 3a cneT 
06beflHHeHHH KJieTOK-reTepOTpO(J)OB C npOKapHOTHHeCKHMH CHHe3eJieHBIMH 
BOflOpocjiaMH, BbiCKaaannaH Ha py6e>Ke XIX h XX bb. (A.C. <Pomhhu,hh, 
K.C.MepejKKOBCKHH) bhobb HaxoflHT CBoe noATBepJK^eHHe. B nojib3y stoh TeopHH 
TOBOpHT yzjHBHTejiBHoe cxo^CTBO b CTpoeHHH xnoponjiacTOB H CHHe3eJieHBIX 
BOflOpOCJieH, CXOflCTBO C OCHOBHBIMH HX (J)yHKU,HOHaJIBHBIMH OCOSeHHOCTHMH, H B 

nepByK) onepe^b co chocoShoctbk) k (jiOTOCHHTeTHHecKHM npopeccaM. 

H3BeCTHBI MHOTOHHCJieHHbie (jiaKTBI HCTHHHOTO 3Hfl0CHM6H03a CHHe3eJieHBIX 
BOflOpocjieii c KJieTKaMH hh3hihx pacTeHHH h npocTeiiHiHx, r^e ohh <j)yHKii,HOHHpyiOT 
h CHa6>KaK)T KJieTKy-xo3HHHa npoayKTaMH (J)OTOCHHTe3a. OKa3anocb, hto 
BbiflejieHHbie xjioponjiacTbi Moryr TaK5Ke OTOiipaTbcn hckotopbimh KJieTKaMH h 
HCn0JIB30BaTBCH HMH KaK 3HflOCHM6HOHTBI. Y MHOTHX 6eCn03B0H0HHBIX 
(KOJIOBpaTKH, MOJIJHOCKH), nilTaiOlHMXCfl BBICHIHMH BOflOpOCJIHMH, KOTOpbie OHH 
nepeBapHBaiOT, HHTaKTHbie xjioponjiacTbi OKaibiBaiOTCH BHyTpH khctok 
nHmeBapHTejiBHbix 5Kejie3. Tax, y neKOTopbix pacTHTejibHoa^Hbix mojijhockob b 
KJieTKax naHaeiibi HHTaKTHbie xjioponjiacTbi c (JiyHKu,HOHHpyiOHiHMH 


342 



(jlOTOCHHTeTHHeCKHMH CHCTCMaMH, 3a aKTHBHOCTBK) KOTOpbIX CJieflHJIH nO 
BKJIIOHeHHIO C’ 4 02. 

Kax OKa3anocB, xnoponnacTBi MoryT 6bitb BBeneiibi b u,HTonna3My kjictok 
KyjibTypbi (J)H6po6jiacTOB mbiihh nyTeM nnH0ii,nT03a. OnnaKO ohh He nonBeprajiHCb 
aTaKe rHflpona3. TaKHe kjictkh, BKHiOHiiBume leaeiibie xjioponjiacTbi, MorjiH 
^ejiHTbca b TeneHHe roiTH reHepapHH, a xjioponjiacTbi npn 3tom ocTaBajiHCb 
HHTaKTHbIMH H npOBOflHJIH (|) OTO C H IITCT H H 6 C K H C peaKU,HH. BblJlH npeflnpHHMTbl 
nonbiTKH KyjibTHBHpOBaTb xjioponjiacTbi b HCKyccTBeHHbix c pen ax: xjioponjiacTbi 
MOrJIH (|)OTOCHHTe3HpOBaTb, B HHX HieJI CHHTC3 PHK, OHH OCTaBaJIHCb HHTaKTHbIMH 

100 h, y hhx na>xe b TeneHHe 24 h HaSmonajiHCb neJieHHu. Ho 3aTeM npoHCxonHJio 
naneHHe aKTHB ho c th xjioponjiacTOB, h ohh nornOaiiH. 

3th HaSjHOfleHHn h pejibiH pan Shoxhmhhcckhx pa6oT noKaiaan, hto Te nepTbi 
aBTOHOMHH, KOTOpbiMH oSnanaiOT xjioponjiacTbi, eme nenocTaTOHiibi ^jia 
fljiHTejibHoro noflflepJKaHHn hx cjiyi ikhiiit h tcm 6onee fljia hx BOcnpoiTiBeneiiiia. 

B nocjieflHee BpeMH ynanocb nojiHOCTbio pacniHc|)pOBaTb bcio 
nocjieflOBaTejibHOCTb HyKJieoTHnoB b cocTaBe pHKJiHHecKoii MOJieKyjibi ^HK 
xjioponjiacTOB bbichihx pacTeHHH. 3Ta ^HK mo>kct KonnpOBaTb no 120 reHOB, cpenn 
hhx: reHbi 4 phOocomhbix PHK, 20 phOocomhbix SejiKOB xjioponjiacTOB, reHbi 
HeKOTOpbix cySbeflHHHu, PHK-nojiHMepa3bi xjioponjiacTOB, hcckojibko SejiKOB I h II 
(jiOTOCHCTeM, 9 H3 12 cySbeflHHHu, AT(P-CHHTeTa3bi, nacTH SejiKOB KOMnjieKCOB u,enn 
nepeHOca 3JieKTpOHOB, o^hoh H3 cySbeflHHHu, pH6yjio3onH(f)oc(f)aT-Kap6oKCHJia3bi 
(KJHOHeBOH (jiepMeHT CBH3biBaHHn CO 2 ), 30 MOJieicyji tPHK h eme 40 noxa 
HeH3BecTHbix SejiKOB. HHTepecHO, hto exon n bill na6op reHOB b ^HK xjioponjiacTOB 
o6napy>Keii y tbkhx najiexo otctohihhx ripencTaBHTeaeii bbichihx pacTeHHH KaK 
TaSax h neHeHOHHbiii mox. 

OcHOBHaa >Ke Macca SejiKOB xjioponjiacTOB KOHTpojiHpyeTCfl anepiibiM reiiOMOM. 
OKa3ajiocb, hto pun BamieHHiHx SejiKOB, (JiepMeHTOB, a cootbctctbchho h 
MeTaSojiHHecKHe npopeccbi xjioponjiacTOB HaxomiTCfl non reHeTHnecKHM KOHTpojieM 
anpa. Tax, KJieTOHHoe anpo kohtp ojinpy eT OTnejibHbie 3Tanbi CHHTe3a xnopo(J)HJiJia, 
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KapOTHHOH^OB, amraaoB, KpaxMana. rioa aaepiibiM xoHTpoaeM naxoaaTca mhothc 
3H3HMBI TeMHOBOH CTa^HH (J)OTOCHHTe3a H flpyrHe (jDepMeHTBI, B TOM HHCJie 
HeKOTOpBie KOMnoHeHTbi penn TpaHcnopTa aaexTpOHOB. 5Iaepnbie reHbi KoanpyiOT 
^HK-nojiHMepa3y h aMHHoau,HJi-TPHK-CHHTeTa3y xnoponjiacTOB. noa KOHTponeM 
aaepnbix reHOB naxoanTca Soabmaa wacTb ph6ocomhbix 6eaxoB. Bee 3 th aamibie 
3acTaBJi^K)T roBOpHTb o xnoponnacTax, Tax ace xax h o MHTOxoHapHax, xax o 
CTpyxiypax c orpaHHaeHHOH aBTOHOMHeix 

TpaHcnopT SeaxoB H3 u,HTonaa3Mbi b naacTHabi nponcxoaHT b npHHpHne 
cxoflHO c TaxoBbiM y MHTOxonapiiH. 3aecb Taxace b MecTax cSaM/xemia BiiemneM h 
BH yTpeHHeii MCMopan xnoponnacTa pacnoaaraiOTca xa n aa o o 6 p aay i o m h e 
HiiTerpaabiibie 6eaxn, xoTOpbie ysnaiOT cuniaabiibie n o ca eao BaTea b n o ct h 
xaoponaacTHbix 6eaxoB, CHHTe3HpOBaHHbix b u,HTonaa3Me, h TpancnopTupyiOT hx b 
M aTpHxc-CTpOMy. H 3 CTpOMbi HMnopTHpyeMbie 6eaxH coraacHO aonoamiTeabiibiM 
CHTHaabHbiM nocae^OBaTeabHOCTaM MoryT BxaioaaTbca b MeMSpaHbi naacTH^bi 
(THaaxoHflbi, aaMeaabi CTpOMbi, Biieunuui h BiiyTpennaa MCMopaiibi) nan 
aoxaaH30BaTbca b CTpOMe, Bxoaa b cocTaB ph6ocom, (JtepMeHTHbix xoMnaexcoB 
pnxaa KaabBHHa h ap- 

YflHBHTeabHoe cxoacTBO CTpyxiypbi h SHepreTHaecxHx npoueccoB y SaxTepHH 
h MHTOxoH^pHH, c OflHOH CTOpOHbi, h y CHHe3eaeHbix Boaopocaeii h xaoponaacTOB - 
c apyron, cayacHT bccxhm apryMeHTOM b noab3y TeopHH c h m 6 m ot m h e c ko ro 
npoHexoacaeHHa sthx opraHeaa. CoraacHO stoh TeopHH, B03HHXH0BeHHe 
ayxapHOTHaecxoH xaeTXH npornao L iepe3 Hecxoabxo 3TanoB CHM6H03a c apyrnMM 
xaeTxaMH. Ha nepBOH CTaann xaeTXH rana aimpoonbix reTepoTpocjaibix SaxTepHH 
BxaKDHHaH b ceoH aspoSHbie SaxTepHH, npeBpaTHBHiHeca b MUTOxonapon. 
napaaaeabHO 3TOMy b xaeTxe-xo3aHHe npoxapHOTHaecxHH reHO(J)op (J)opMHpyeTca b 
o6oco6aeHHoe ot u,HTonaa3Mbi aapo. Tax Moran B03HHXHyTb reTepOTpo(J)Hbie 
syxapHOTHaecxHe xaeTXH. noBTOpHbie 3HaocHM6HOTHaecxHe B3aHMOOTHomeHHa 
Meacay nepBHHHbiMH 3 y k a p m o t m h e c k m m h xaeTxaMH h CHHe3eaeHbiMH BoaopocaaMH 
npHBean x noaBaenmo b hhx CTpyxTyp Tima xaoponaacTOB, nosBonaiomux xaeTxaM 
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OCymeCTBJIflTB TBTO C II I IT6TII H 6C K H 6 npOpeCCBI H He 3aBHCeTb OT HajIHHHH 
opraHHnecKHx cyScTpaTOB (pnc. 236). B npopecce CTaHOBJieHHH Taxon cocTaBHOH 
5KHBOH CHCTeMBI HaCTB TeHeTHHeCKOH HH(J)OpMaU,HH MHTOXOHflpHH H nJiaCTHfl MOrJia 
H3MeH>iTBca, nepeHecTHCB b aflpo. Tax, HanpHMep flBe Tpera H3 60 ph6ocomhbix 
SejiKOB xjioponjiacTOB KoanpyeTca b a^pe h cmiTeiiipyiOTCH b H,HTonna3Me, a noTOM 
BCTpaHBaeTca b ph6ocombi xjioponjiacTOB, HMeiomHe Bee CBOHCTBa 

npoKapHOTHnecKHx ph6ocom. Taxoe nepeMemeHHe Sojibhioh nacra 

npoKapHOTHnecKHx reHOB b nnpo npHBejio k TOMy, hto 3th xjieTOHHBie opraHejuibi, 
COXpaHHB HaCTb SblJIOH aBTOHOMHH, nOnaJIH II OH KOHTpOJIb KJieTOHHOrO aapa, 
onpenejnnomero b SojiBineii CTeneHH Bee raaBHBie KJieTOHHbie (J)yHKu,HH. 

HacTb VI. U,HTonjia3Ma: OnopHO-jBHraTejibHaH CHCTeMa (nHTOCKejieT) 

B npeflbiflyniHx raaBax y>Ke MHoro h nacTO roBOpHJiocb o aBH/Kemm: nBHiKyrcii 
xpOMOCOMbi k nojiKDcaM KJieTKH bo BpeMii MHT03a, nepeMemaiOTCii BaxyojiH 
KJieTOHHbIX OpraHeJIJI, JIBB'/KCTCH KHCTOHIiaH nOBepXHOCTb. KpOMe Toro, B KJieTKaX 
pacTeHHH h >kh both bix Ha 6 jiiOflaK)TCx tokh u,HTonjia3Mbi (HanpHMep, B 

pacTHTejibHbix KJieTKax hjih y aMe 6 bi). Bojiee Toro, OTrejiBiibie KJieTKH 
(CB 060 flH 0 )KHByHIHe OAHOKJieTOHHbie OpraHH3MBI HJIH CneU,HCf)HHeCKHe THnbI KJieTOK 
B MHOrOKJieTOHHBIX 5KHBOTHBIX OpraHH3Max) oSjianaiOT CnOCOSlIOCTBIO aKTHBHO 
nepeMemaTBca, noji3aTB (pnc. 237). HexoTOpbie KJieTKH hmciot 
CneU,HaJIH3HpOBaHHBie CTpyKTypBI, peCHHHKH HJIH >K ry T II K II , KOTOpBie nO JBOJIHIOT HM 
hjih caMBiM nepeMeuiaTBca, hjih nepeMemaTB onpy/Kaiomyio hx ikh/jkoctb. HaKOHeu,, 
y MHOrOKJieTOHHBIX 5KHBOTHBIX OpraHH3MOB eCTB CneU,HaJIH3HpOBaHHBie KJieTKH, 
MBIHieHHaH paSOTa KOTOpBIX nOSBOJIHCT npOH3BOflHTB pa3JIHHHBie HBH’/KeilHJI OpraHOB, 
OT^ejiBHBix ero nacTeii h Bcero opraHH3Ma. Bbijio Han^eHO, hto b ochobc Bcex tthx 
MHOTOHHCJieHHBIX JIB II raT 63 BI I BI X peaKU,HH JlC/KaT OOUHie MOJieKyjIKpHBie MexaHH3MBI. 
KpOMe toto, 6bijio noKa3aHO, hto HajiHHHe ktikox-hhoo HBiiraTeabiibix annapaTOB 
HOJHKHO COHeTaTBCH H CTpyKTypHO CBH3BIBaTBCH c cymecTBOBaHHeM OnOpHBIX, 
KapKaCHBIX HJIH CKeJieTHBIX BHyTpHKJieTOHHBIX 06pa30BaHHH. IIOTTOMy MOIKHO 
TOBOpHTB (onncBiBaTB h H3ynaTb) 06 onopHO-UBHraTejiBHOH CHCTeMe KJieTOK. 
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CaMO nomrrae o pHTOCxejieTe hjih cxejieTHBix KOMnoHeHTax u,HTonjia3MBi 
pa3Hbix KJieTOK 6 bijio BBiCKa3aHO H.K.Kojibu,obbim, BBi^aiomHMca pyCCKHM 
UMToaoroivi eme b naiane XX Bexa. K co/xanenino, ohh 6bijih 3a6BiTBi h tojibko y>xe b 
KOHpe 50-x roflOB c noMomBio 3JiexTpOHHoro MHKpocKona 3Ta cxejieTHaa CHCTeMa 
6 bijio nepeoTKpBiTa. 

OrpOMHBiH BKJia^ b H3yieHHe pHTOCxejieTa BHec mcto# 
HMMyHO(J)Jiyopecu,eHu,HH, xoTOpBin noMor paaoopaTBCH b xhmhh h unnaMHxe stoto 
H pe3BBiHaiiHO Ba/Kiioro KOMnoneiiTa xjictxh. I],HTOCxejieTHBie KOMnoHeHTBi 
npeflCTaBJieHBi hhtcbm^hbimh, HeBeTBamHMHCn Scjikobbimh xoMnjiexc bmh hjih 
(|)HJ iaMeHTaMH (tOHKHMH HHTIIMH). 

CyniecTByKDT TpH chctcmbi (jiHJiaMeHTOB, paaaHHaiouHixcH xax no x n m h m e c ko m y 
cocTaBy, Tax h no CBoeii yjiBTpacTpyxType, Tax h no (J)yHxu,HOHajiBHBiM CBOHCTBaM. 
CaMBie TOHxne hhth - sto m h k p o (} ) h a a m e iit b i ; hx ^naMeTp cocTaBJineT oxojio 8 hm h 
coctout ohh b ochobhom h3 6ejixa axTHHa. ,n,pyryK) rpynny HHTnaTBix CTpyxTyp 
COCTaBJIMKDT MHXpQTpy 60 HXH , XOTOpBie HMeiOT flHaMCTp 25 HM H COCTOUT B OCHOBHOM 
H3 6ejixa TySyjiHHa, h, HaxoHeu,, ripoMe>xvTO L i n bic (|)HJiaMeHTBi c .thmctpom oxojio 10 
HM (npOMOXyTOHHBIH nO CpaBHeHHK) C 6 HM H 25 hm), o6pa3yK)IHHeCa H3 pa3HBIX, HO 

pOACTBeHHBix SejixoB (pnc. 238, 239). 

Bee 3th (J) h op h juih p n bic CTpyxTypBi MoryT ynacTBOBaTB b xanecTBe cocTaBHBix 
nacTeii b npopecce (jiroHnecxoro nepeMemeHHa xjictohhbix xomhohchtob hjih ^a>xe 
pejiBix xjieTOx, xpOMe toto ohh >xe b paae cjiynaeB BBinoanniOT cyry6o xapxacHyio 
cxejieTHyio pojib. 3jieMeHTBi pHTOCxejieTa BCTpenaiOTca bo Bcex 6e3 HCXJnoneHHii 
ayxapHOTHnecxHx xjieTxax; ananoni sthx (J)h6phjijhiphbix CTpyxiyp BCTpenaiOTca h 
y npoxapnoT. CTeneHB BBipa>xennocTH hx b pa3HBix xjieTxax MO>xeT 6bitb pasaHHiioii. 
Tax, HanpHMep, xjictxh iniijiepMHca ko>xh ocoSenno ooraTBi n poMOxyTOH 1 1 bi m m 
(J)HJ iaMeHTaMH, MBimenHBie xjictxh - axTHHOBBiMH Mnxpo(J)HJiaMeHTaMH, ocoSemio 
mhothx MHxpOTpySonex b nnrMeHTHBix xjieTxax, MeaanomiTax, b OTpocTxax 
HepBHBIX XJieTOX H T.JI. 
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OSlHHMH CBOHCTBaMH BJieMeHTOB U,HTOCKeJieTa MBJiaeTCM TO, HTO 3TO SeJIKOBBie, 
HeBeTB^mHecM (jmSpHanapHbie nojiHMepti, HecTaSHJitHbie, cnocoSHbie k 
nojiHMepH3au,nn h AenojiHMepH3au,HH. TaKaa HecTaSmiBHOCTB MoaceT npHBoaHTb k 
HeKOTOpBIM BapHaHTaM KJieTOHHOH nOHBIT/KIIOCTH, HanpHMep, K H3MeHeHHK) (J)OpMBI 
KJieTKH. HeKOTOpBie KOMnoHeHTBi miTOCKeacTa npn ynacTHH cneuMaabiibix 
^OnOJlHHTeJIbHblX SeJIKOB MOryT CTa6lIHM3Mp0BaTbCfl HJ1H 06pa30BbIBaTb CJIOJKHbie 
(|)H6pHJiJiflpHbie aiicaMoan, h nrpaTb tohbko KapKacHyio poab. IIpH B3 a h m oa e m ct b m h 
c ApyrHMH cneuHaabiibiMH 6ea Ka m h -t p ai i ca o KaTO pa m h (nan motophbimh oeaKaMn) 
ohh MoryT yaacTBOBaTb b pa3HOo6pa3Hbix KaeTOHiibix aBH/Kennax. 

IIo cbohm CBOHCTBaM h cfiyiiKmiaM BaeMeHTbi pHTOCKeaeTa MO/Kiio pa3aeanTb Ha 
ABe rpynnbi: ToabKO KapKacHbie (J)H6pHaabi - npoMeacyroHHbie (jwaaMeiiTbi, h 
o n o p n o-a b h raTea b ii bi e - kbk, HanpHMep, aKTHHOBbie m h k p o (j) h a a m e iit b i , 

B3aHMOaeHCTByiOHIHe C MOTOpHBIMH SeaKaMH - MH03HHaMH, H TySyaHHOBbie 
MHKpOTpySOHKH, B'Vdli M OHC M CT By 10 HI H 6 C MOTOpHBIMH OCaKaMH HHIieilliaMM H 
KHHe3HHaMH. 

npnneM bo BTOpoii rpynne cjaiopnan miTOCKeaeTa (MHKpocjiHaaMeHTbi h 
MHKpOTpySoHKH) MoryT nponcxoaiiTb aBa npHHu,HnHaabHO pa3aHHHbix cnocooa 
aBHaceHHa. nepBbin H3 hhx ocHOBaH Ha choco6hocth ochobhoto Seaxa 
MHKpoiJmaaMeHTOB - aKTmia h ochobhoto Seaxa m h KpoT py 6oh e k - Tyoynmia k 
noaHMepH3au,HH h aenoaHMepH3au,HH, hto MoaceT npn cbh3h tthx SenicoB c 
naa3MaTHnecK0H MeMSpaHoii Bbi3biBaTb ee MOpcJioaorHHecKHe H3MeHeHHa b BHae 
oopaaoBaiiMH bbipoctob (nceBaonoaHH h aaMenaonoaHH) Ha Kpaio KaeTKH. 
nceBaonoaHH H tohkhc bbipoctbi (cjinnonoaHH) MoryT nan BaaniBaTbca oopaTiio b 
KaeTKy, nan 3aicpenaaTbca Ha noBepxHOCTH KaeTKH h 3aTeM ynacTBOBaTb b 
nepeMemeHHH KaeTKH no cyScTpary. 

npn apyroM cnocooe nepeaBHaceima (jmSpnaabi aKTHHa (MHKpocjiHnaMeHTbi) 
nan TySyaniia (m h K poTpy6on kh ) aBaaiOTca iianpaBaniOLHiiMii CTpyKTypaMH, no 
KOTOpbiM nepeMemaiOTca cnepHaabHbie noaBii'/Kiibie 6eaKH - MOTOpbi. nocaeaHHe 
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MOryT CBH3bIBaTbCH C MeMOpamiblMH HJIH (|)H6pHJIJiapHbIMH KOMnOHeHTaMH KJieTKH H 
TeM caMbiM ynacTBOBaTb b hx nepeMemeHHH. 

EnaBa 20. IIpoMeiKyToqHbie (jmjiaivieHTbi 

n pOlVie'/KyTOH II bl e (|)HJiaMeHTbI (IIO) CTpOHTCH H3 (])H6pHJIJiapHbIX MOHOMepOB. 
rio3TOMy ocnoBiiaa KoncTpyKHiia npoMe>KyTO i i n bi x (jiHJiaMeHTOB HanoMHHaeT KanaT, 
HMeromHH TOJT TTT HHy OKOJIO 8-10 HM. OHH JIOKaJIH3yiOTCa rJiaBHbIM o6pa30M B 
OKOJioaflepHOH 30He h b nywKax (JmSpHjiji, OTxonaunix k nepncjiepHH kjictok h 
pacnojiaraiomHxca no# njia3MaTHHecKoii MeMOpaHoi! (pnc. 238 , 240 , 241 ). 
BcTpenaiOTCH npoMe'/KyTOHiibie (JiHJiaMeHTbi bo Bcex THnax kjictok jkhbothbix, ho 
ocoSeHHO oShjibhbi b Tex, KOTOpbie noflBepaceHbi MexaHHHecKH B03fleiiCTBHaM: 
KJieTKH r inii aepMHca, HepBHbie otpoctkh, raa^KHe h HCHep L ieniibie MbimeHHbie 
KJieTKH. B KJieTKax pacTeHHH IIO He oSHapyaceHbi. 

B cocTaB npoMe'/KyTOHiibix (jDHJiaivienTOB bxohht Sojibinaa rpynna h3o6cjikob, 
pOflCTBeHHbix SejiKOB, KOTOpyio mo>kho pa3^ejiHTb Ha neTbipe THna. IlepBbiH - 
KepaTHHbi . KHCJibie h HeirrpajibHbie, BCTpeHaiounieca b anHTejinajibHbix KJieTKax; ohh 
o6pa3yiOT reTeponojiHMepbi H3 tthx acyx no^THnoB. KepaTHHbi, KpOMe to to, hmciot 
HeKOTOpyio reTeporeHHOCTb, aaBucamyio ot TKaHeBoro HCTOHHHKa. TaK, b iniiTeanax 
BCTpenaeTca ro 20 (J)opM KepaTHHOB, 10 (jiopM flpyrnx KepaTHHOB HaiifleHO b BOJiocax 
h Horrax. MojieKynapHbiH Bee KepaTHHOB KOJieSjieTca ot 40 ^o 70 tbic. 

BTOpoii THn SejiKOB IIO BRjiionaeT b ce6a TpH BH^a SejiKOB, hmciohihx cxoahbih 
MOJieKyjiapHbiii Bee ( 45-53 tbic.). 3to - BHMeHTHH . xapaKTepHbiH ^Jia kjictok 
Me3eHXHMHOTO npOHCXOIKfleHHa, BXOflamHH B COCTaB U,HTOCKeJieTa KJieTOK 
COeflHHHTeJIBHOH TKaHH, OHflOTeJIHK, KJieTOK KpOBH. ^IeCMHH - XapaKTepeH flJia 
MbIHieHHbIX KJieTOK, KaK TJiaflKHX, TaK H HCHepHeHHBIX. rjIIiaJIbHbHI (JfflOpHJIJiapHblH 
6eJIOK BXOflHT B COCTaB no HeKOTOpbIX KJieTOK HepBHOH TJIHH - B aCTpOU,HTBI H 
HeKOTOpbie IIlBaHHOBCKHe KJieTKH. IIepHC()epHH - BXOJHT B COCTaB nepH(jiepHHeCKHX 
h peHTpajibHbix HeiipoHOB. 
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Tperaii ran - Semen Henpo (jmnaMeHTOB (moji. Bee ot 60 po 130 tbic.) 
BCTpenaeTca b aKCOHax HepBHBix KJieTOK. 

H HaKOHeu,, neTBepTBin ran - Semen aaepHon jiaMHHBi . Xora 3th nocnepHne 
hmciot npepHyio noxanroapnio, ohh cxo^hbi no CTpoeHnio n CBoneraaM co bccmh 
SenxaMH npoMe>xyTOMnbix (jmnaMeHTOB . 

Kax ynee roBOpnjiocB, npoMeneyTOHHbie (jinnaMeHTbi, nocTpoeHBi H3 
(J)n6pHJiJiapHBix SemeoB HanopoSne KanaTa. Ilpn stom Hexorapbie Senxn MoryT 
0Spa30BBIBaTB COnOJlHMepbl, HanpHMep BHMeHTHH C ^eCMHHOM, nnn BHMeHTHH c 
rjmajiBHBiMH SenxaMH. 

Bee Senxn npoMeneyronHbix (jmnaMeHTOB oSnanaiOT cxo^hoh aMHHOXHCJioraon 
noejieflOBaTem.HOCTBK) H3 130 ocTaTxoB b peHTpammon nacra (JmSpnnnnpHOH 
MOJiexym.1, xoTOpan oSnapaeT oc-cnnpanbHbiM CTpoeHneM. KoHpeBbie nee ynacTxn 
MOJiexyn HMeroT pa3HBie nocnepoBaTemmocra aMHHOxncjiOT, pa3Hyio pnnHy, n He 
HMeiOT a-cnnpajiBHoro CTpoeHnn. Hannnne npoTH>xennbix a-cnnpajibHbix ynacTxoB 
no3BOJineT pByM MOJiexynaM oSpa30BbiBaTb pBonnyio cnnpanb, nonoSno TOMy, hto 
npnBOflHT x oSpa30BaHHK) najiomeoBHflHoro pnMepa, pnnHoii oxojio 48 hm. ,fl,Ba 
flHMepa, oSbepmnracb Sox o Sox, oSpa3yiOT xopOTxnn npoTO(J)HJiaMeHT, TeTpaMep, 
To mTT nnon oxojio 3 hm. Taxne npOTOtjran a m e ii t b i MoryT oSbennuHTbcn b Sonee 
TOJiCTbie n nmnnibie cjinSpnjuibi n b KonemiOM HTore b npoMeneyroHHbin nojrabin 
(J)njiaMeHT, cocTomnnn H3 8 npoponbHbix nporacjinjiaMeHTOB (pnc. 242). 

Hnaie n on h m e p H3y i o t c h Senxn npepHon naMHHbi: ohh oSpa3yiOT pnMepbi c 
ronoBxaMH Ha onnoM xoHpe n non n Mepn 3y iotch, oSpa3yio pbixnyio npnMoyronbiiyio 
pemeTxy. Taxne cnon naMHHbi SbiCTpo paapymaiOTCH bo BpeMn MHT03a npn 
(|)OC(J)OpHnHpOBaHHH naMHHOB. 

U, n to n n a3 m ar n h e c k h e npoMeneyramibie (jinnaMeHTbi otiiochtch x caMbiM 
CTaSnnbHbiM n n on rone n By lh n m ineMeimaM pnToexeneTa. OmiaKO in vivo 
naSmonaeTCH BxmoneHne HHbepnpoBaHHbix Mewenbix Monexyn xeparaHa b cocTaB 
no snnTennanbHbix xneTOx. no ycTonnnBbi x pencranio coneii hh3xoh n bbicoxoh 
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KOHu,eHTpau,HH, pa3pymaiOTCfl tojibko nocne B03,neHCTBHH fleHaiypHpyiomJix 
pacTBOpOB, TaKHx Kax MoneBHHa. 

Taxaa CTpyKTypa h xm ivim nee Kan ycTOHHHBOCTB n p o m e >xy to h m bi x (jinaaMeHTOB, 
Bepo^THO, onpefleaaeT h hx (])H 3HHecxyK) ycTOHHHBOCTB. Ohh cayacaT Kax 6 bi 
HCTHHHO OnOpHOH CHCTCMOH B KJieTKaX nOflBepraiOmHXCH 3HaHHTeJlBHBIM 
(J)H3HnecKHM narpysxaM. B KJieTKax xoxhoto inMaepMMca npoMC/xyTOH n Lie 
(jDHJiaMeHTBi o6pa3yK)T nynxn (TOHOijiHaaMeHTBi), CBH3annbie c a £ c m o c o m a m m , h 
C 03/iai0T /KecTKyio b n y t p m kh ctom n y io ceTB (pnc. 243). Tax, b HepBHBix axcoHax, 
npocTHpaiomHxcM Ha mhothc aecHTXH caHTHMeTpOB, II<I> hjih HeiipocjiHaaMeHTBi 
C03flaK)T acecTxyio ocHOBy, oSecneHHBaiomyK) th 6 xoctb h peaocTHOCTB tohxhx 
u,HTonjia3MaTHHecxHx otpoctxob HepBHBix xjieTOx. B nonepenHO ucHepHemibix 
MBIHieHHBIX XJieTOX fleCMHHOBBie (jlHJiaMeHTBI BXOfl^T B COCTaB Z-flHCXOB H 

CBH3BiBaiOT hx apyr c apyroM xax b cocTaBe capxoMepa, Tax h b coceanMx 
MHO(j)H6pHJiJiax, a Taxace c naa3MaTHHecxoH MeMSpaHOH. 

Cneu,H(J)HHecxHx hhth6htopob nojiHMepH3au,HH 6eaxoB n poMeacyron n bi x 
(JiHJiaMeHTOB noxa eme He Han^eHO. IIosTOMy ocTaeTca hchchbim caM npopecc 
cSopxH h pa36opxH 3 thx BJieMeHTOB pHToexeaeTa b 5xhboh xjieTxe. BeponTHee Bcero, 
hto ohh noaoono jiaMHHaM a e n oa m m e p h sy i ot c h npn aeiiCTBini h,hto na a3M aran e c xhx 
xHHa3, npHBoaauiHx x hx (}) o c cj) o p h a h p o b a n h i o . Bbiaeaeniibie npoMeacyTOHHBie 
(JinaaMeHTBi noa aeiiCTBHeM (Jioc(j)opHaa3 MoryT pacnaaaTBca Ha MOHOMepBi, 
^enoaHMepH30BaTBca. 

Tonorpa(|)HHecxH b xaeTxe pacnoao/xemie n poMeacyron n bix cjaiaaMeiiTOB 
noBTOpaeT pacnoao/xemie MHxpOTpySonex, ohh xax 6bi nayr 6ox o 6ox. npn 
pa3pymeHHH m m k p ot p y 6 o h e k kohxmhmiiom, nponcxoaHT t.h. xoaanc npoMeacyroHHBix 
(jinaaMeHTOB : ohh coGnpaiOTca b naoTHBie nynxn nan xoama Boxpyr aapa. 
BoccTaHOBaeHHe hoboh ceTH npoMeacyroHHBix (JinaaMeHTOB HaaHHaeTca ot 30hbi 
xaeTOHHoro ueiiTpa. 3to naBoanT Ha mbichb, hto ueiiTpoM hx noaHMepH3au,HH nan 
Hyxaeau,HH MoryT 6bitb peHTpBi, o6mHe c MHxpOTpySonxaMH. 
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Eiaea 21.MHKpo(j)HaaMeHTbi 
Q6uiHe CBOHCTBa MHKpO(j)HaaMeHTOB . 

M m k p o cj ) m a a m e n t b i BCTpenaiOTCH bo Bcex KJieTKax ayxapHOT. Ocooemio ohh 
oShJIBHBI B MBimeHHBIX BOJIOKHaX H KJieTKax - b l i c o ko c n e u m a a M 3 m p o b a n n b i x 
xaeTKax, BBinoaiiaiomux cfiyiiKmni coKpameinia mbihih,. M h k p o (}) h a a m e ii t b i (MO) 
BxoaaT TaK>Ke b cocTaB cnemiaaBiiBix KaeTOHiibix KOMnoHeHTOB, TaKHx KaK 
MHKpOBOpCHHKH, aeHTOHHBie coeaHHeHHa anuTeaHaabHbix KaeTOK, b cocTaB 
CTepeoLuiaiiH ayBCTBHTeabHBix KaeTOK. MO o6pa3yiOT ny i iKii b uMTonaaaivie 
noaBH>Kiibix KaeTOK /KiiBOTiibix, h o6pa3yiOT caoii noa n a a 3 m bt h h e c ko ii MCMopanoM 
- KOpTHKaabHbiH caoii (pHC. 244a, 245). Y mhothx pacTHTeabHbix KaeTOK h KaeTOK 
hh3hihx rpn6oB ohh pacnoaaraiOTca b caoax aBHacymenca u,HTonaa3Mbi. 

Ochobhbim oeaKOM m h k p o cj) h a a m e n t o b aBaaeTca aKTHH. Akthh - 

HeoaHopoaHbiH 6ea0K, b pa3aHHHbix KaeTKax MoryT 6bitb pa3Hbie ero BapnaHTbi nan 
H30(J)0pMbi, Kaacaaa H3 KOTOpbix xoanpyeTca cbohm reHOM. Tax, y MaeKonHTaioiHHx 
eCTb 6 pa33 Mill BIX aKTHHOB: OaHH B CKeaeTHBIX Mbimpax, OaHH B eepaeHHOH MblHipe, 
aBa rana - b raaaKHx Mbmiu,ax (oaHH H3 hhx b cocyaax), h aea, HeMbmieHHbix, 
u,HTonaa3MaTHHecKHx aKTiina, aBaaiomuxca yHHBepcaabHbiM KOMnoHeHTOM aioSbix 
KaeTOK MaeKonHTaioiHHx. Bee 3th H30(j)0pMbi aKTiina oaeiib cxoaHbi no 
aMHHO KHcaoTHBiM noeaeaoBaTeaBHOCTaM, BapnaHTHBiMH b hhx aBaaiOTca KOHpeBbie 
yaacTKH, KOTOpbie onpeaeaaiOT CKOpocTb noaHMepH3au,HH, ho He BanaiOT Ha 
coKpameHne. TaKoe cxoacTBO aKTHHOB, necMOTpa Ha neKOTopbie OTanana, 
onpeaeaaeT hx o6mHe CBOHCTBa. Akthh HMeeT MonexynapHBiH Bee oxoao 42 tbic. h b 
MOHOMepHOH (J)opMe HMeeT BHa raoSyabi (G-axraH), coaepacameii b cbocm cocTaBe 
Moaeicyay ATO. IIpH ero noaHMepH3au,HH o6pa3yeTca TOHKaa (JiHopHaaa (F-aKTiiii) 
ToamHHOH 8 hm, npeacTaBaaiomaa co6oh noaoryio cnHpaaBHyio aeHTy (pnc. 246). 
AKTHHOBBie MHKpO(j)HaaMeHTBI nOaapHBI no CBOHM CBOHCTBaM. npH aOCTaTOHHOH 
KOHu,eHTpau,HH G-aKTHH HaaHHaeT caMonpoH3BoaBHO noaHMepH30BaTBca. IIpH Taxon 
cnoHTaHHoii noaHMepH3au,HH axrHHa Ha o6pa30BaBineHca hhth MHKpocjmaaMeHTa 
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OflHH H3 ee KOHH.OB StlCTpO CBH3BIBaeTCfl C G-aKTHHOM (+)- KOH6U, MHKpO(j)HnaMeHTa) 
h no3TOMy pacTeT StiCTpee, neM npoTHBononoacHBiii (MHHyc-KOHeu,). Ecjih 
KOimeiiTpamui G-aKTHHa oyaeT HeaocTaTOHHOH, to oopaaoBaBuineca (J)h6phjijibi F- 
aKTHHa naHHiiaiOT pa36npaTBCfl. B pacTBOpax, coaepacamHx t.h. KpuTHnecKyio 
KOHu,eHTpau,Hio G-aKTHHa, 6yaeT ycTaHaBaHBaTBca amiaMHHecKoe paBiiOBecne 
Meacay nojiHMepH3au,Heii h aenoaHMeproapHeH, b pe3yjiBTaTe Hero (J)H6pHJiJia F- 
aKTHHa oyaeT hmctb nocToannyio nanny (pnc. 247). H 3 ttoto caeayer, hto 
aKTHHOBBie M H K p O (j ) H H a M C II T b I npeHCTaBHHIOT COSOH OHCIIB flHHaMHHHBie CTpyKTypBI, 
KOTOpBie MOTyT B03HHKaTb H paCTH HHH ace, HaoSopOT, paaSopaTBCH H HCHe3aTB B 
3aBHCHMOCTH ot HajiHHHH raoSyaapHoro aKTHHa. Ha pacTyuieM KOHpe hhth aKTHHa 
BCTpaHBaKDTca MOHOMepBi, coaepacamne ATO. no Mepe HapacTamia nojiHMepa 
npOHCXOHHT THflpOHH3 ATO, H MOHOMepBi OCTaiOTCfl CBH3aHHBIMH C A/TO. MoaeKyjIBI 
aKTHHa, CBH3aHHBie c AT npoHHee b 3 a h m oh e n c t By i ot apyr c apyroM, hcm 
MOHOMepBi, CBH3aHHBie c A/1,0. 

B KaeTKax Taxaa, Ka3ajiocB 6bi, n ey c to n h n Ba a c|)n6pnnnapnaa CHCTeMa, 
CTa6HHH3HpyeTCH Maccoii cneu,H(j)HHecKHx SeaKOB, accopHHpyiomHx c F-aKTHHOM. 
Tax, 6eaoK TponoMH03HH . B3aHMoaeHCTBya c MHKpocj)HaaMeHTaMH, npHaaeT hm 
neooxoaHMyio acecTKOCTB. I/eaBiii pan 6eaKOB, HanpHMep (j)HaaMHH h oc-aKTHHHH 
o6pa3yiOT nonepemiBie CKpenKH Meacay miTaMn F-aKTHHa, hto npHBoaHT k 
o6pa30BaHHio caoacHoii TpexMepHOH ceTH, npHaaiomeii reaeo6pa3Hoe cocToamie 
u,HTonaa3Me. /Tpyrne aonoaHHTeaBHBie 6eaKH MoryT CBa3BiBaTB (jDHaaMeHTBi b nyHKH 
((J)hm6phh) h T.a. KpOMe toto, cymecTByiOT 6eaKH, B3aHMoaeiiCTByiomHe c KOimaMH 
MHKpoc|)HaaMeHTOB h npeaoTBpamaa hx pa36opKy, CTa6HaH3HpyiOT hx. 
B3aHMoaeiiCTBHe F-aKTHHa co Been ttoh rpynnoii 6eaKOB peryanpyeT arperaTHoe 
cocToaHHe MHKpocj)HaaMeHTOB, hx pBixaoe nan HaoSopOT TecHoe pacnoaoaceHHe, 
CBa3B HX C apyrHMH KO M II O II 6 II T a M II . OcoSyiO pOaB npn B3aHMOaeilCTBHH C aKTHHOM 
HipaiOT 6eaKH mho3hhoboto THna , KOTOpBie o6pa3yiOT BMecTe c aKTHHOM KOMnaeKC, 
cnoco6HBiH k coKpameHHio npn pacmenaeHHH ATO (cm. HHace) (pHC. 262). 


352 



TaKHM o6pa30M, M<I> npeacTaBJunoT co6oh (|)h6phjijibi nonHMepH30BaHHoro 
aKTHHa, CBjnannoro c mhothmh apyrnMH 6ejncaMH. B npHHu,Hne m ii k p o cj ) m a a m e ii t b i 
bo Bcex HeMBimenHBix KJieTKax MoryT ocymecTBjniTB no KpanHen Mepe HBa pana 
(J)yHKu,nn: 6 bitb nacTBio coKpaTHTenBHoro annapaTa, b 3 a n m one ii c t By a c motophbimh 
S ejiKaMH (mho3hh), hjih ynacTBOBaTB b (j)opMHpOBaHnn cxeneTHBix CTpyicryp, 
cnocoSHBix k coScTBeHHOMy flBH5KeHHio 3a cneT npopeccoB nojiHMepn3au,HH n 
flenojiHMepH3au,HH aKTHHa. 

OcoSeHHO MHoro CBe^eHnn o pHTOCKejieTe, n o MHKpo(J)HJiaMeHTax nonyneHO 
npn H3yneHHH (J)H6po6jiacTOB b Kymnype TKami, oSaanaiounix cnocoSnocTBio k 
aMeSon^HOMy flBHXCeHHIO. 3 th KJieTKH He HMeiOT OTBeTCTBeHHBIX 3a flBH5KeHHe 
nocTOMHHBix (j)H6pHJuiMpHBix CTpyKTyp, hx (J)H6pHJiJiMpHBiH annapaT Bee Bpeivifl 
HaxoflHTca b peopraHH3au,HH: nacTB (J)H6pHjnnipHBix 3JieMeHTOB pa36HpaeTca b oahhx 
ynacTKax kjictkh h noBOOopasyeTCH b apyriix. 

Oobihiio noji3ymHH no noBepxHOCTH cyScTpaTa (j)Hopo6nacT nojiapniOBan: y 
Hero ecTB flBHacyniHHOi KOHeu, h “xboctoboh” OT^eji. (pnc. 248, 249 ) Ha 
,HBH)KymeMCfl KOHpe, kotopbih nacTO 6onee pacnjiacTaH no cyScTpary, neM SoxoBBie 
H XBOCTOBBie ynaCTKH (f)H6po6jiaCTa, nOCTOUHHO B03HHKaK)T H y6HpaK)TCM TOHKHe 
HHTeBHflHBie HJIH nJiaCTHHHaTBie BBIpOCTBI - ji a M C JTI O II 03. H h . 3to - BeayuiHH Kpail 
KJieTKH (jiaMejuionjia3Ma). Kotopbih h oSecnenHBaeT ^BHaceHne (|>H6po6jiacTa 
Bnepea. B TaKOM a b h >k y ui e m c h (JjHopoSaacTe c noMomBio aHTHTeji mo>kho y3HaTB 
MecTa pacnojio>KeHmi aKTHHa. Oh SyzjeT pacnpeAejiaTBca no TpeM ochobhbim nacraM 
KJieTKH: oh b BH^e tohkoto cjion (1) pacnojiaraeTOi no BceMy nepHMeTpy kjictkh no# 
n a a3 m aT n nee ko h MCMopanoii. 3 to KOpTHKajiBHBiH (cortex - Kopa) cjioh. 06hjibho 
aKTHH BBIUBJIHeTCH B BBIpOCTaX U,HT0nJia3MBI Be#yiH,erO Kpaa KJieTKH (2) H (3) B 
nywKax aKTHHOBBix (jiHJiaMeHTOB , otxojhihhix ot Beayuiero Kpaa Bray 6 b KaeTKH (pnc. 
245). 

KopTHKaaBHBin cjioh coctoht H3 naoTHoii TpexMepHoii ceni aKTHHOBBix 
(jinaaMeHTOB , accou,HHpoBaHHBix c naa3MaTHHecKoii MeM6paHoii (Ta6. ). Oh 

oGecnenHBaeT MexamraecKyio ycTOHHHBOCTB noBepxHOCTHOMy cjioio u,HTonaa3MBi h 
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C03flaeT ycnoBJM, no3BOjnnoHiHe KJieTKe H3MeHHTb cbokd (j)opMy h ^BHraTBca. 3tot 
cjioh nocToaHHO MeHaeT CBoe arperaTHoe cocTOUHHe, nepexo^a H3 coctouhhii 
CTpyKTypHpOBaHHoro rena b jkhakhh 30jib. TaKHe nepexoflbi rejiB-30JiB CBaiaiibi c 
n3MeHeHnaMH b CTpyKType KOpTHKanBHoro cnoa. 3necb b accomiamw c aKTHiiOBbiMii 
(J)HJiaMeHTaMH naxonflTCJi (jjHSpHJuuipHbie 6ejiKH-CTa6HJiH3aTOpbi (HanpHMep, 
^HJiaMHH), KOTOpbie o6pa3yK)T cuihbkh b MecTax nepecenenna (|)HJiaMeHTOB , hto 
npunaeT /KCCtkoctb BceMy KOpTHKanbHOMy cjiokd. 0/niaKO 3Ta /KCCtkoctb MO>KeT 
6biTb nerKO ciiHTa 3 a chct BiaMMoneiiCTBiia c apyrnMH oeaKaiviM, TaKHMH ktk 
rejib30HHH, KOTOpbie Bbi3biBaiOT (J)parMenTamno h pa36opKy (JimiaivieiiTOB h tcm 
pa3>KH>KaK)T renb. TaKan nepecTpoiiKa noaMCMopannoro cjioa ocooeimo Bbipa>Keiia b 
BeflymeM Kpae, hto no3BOjnieT SbiCTpo mchutb (jiopMy ero noBepxHOcra, 
o6pa30BbiBaTb jiaMejuiono,HHH h HBiiraTbca Bnepen. C npyroii CTOpOHbi ceTb 
aKTHHOBbix cjiinaivieiiTOB cnocoona k coKpameHHio, t.k. b Heii o6napy>Keiibi KOpOTKHe 
MH03HH0Bbie arperaTbi. 3to npiiBOHHT hjih k BTaniBaiimo jiaMejuionoflHH hjih >Ke k 
noflTacKHBaHHio KJieTOK Bnepea. CeTb aKTHHOBbix (JiiuiaMeHTOB b BeaymeM Kpae 
0praHH30BaHa 6onee onpeflejieHHO, neM b ocTajibHOM KOpTeKce. 3^ecb ot HeSojibiHHx 
HanajibHbix bmpoctob nna3MajieMMbi BHyTpb khctkii otxohht nyHKH aKTHHOBbix 
(JlHJiaMeHTOB, O K a II L IH B a I O HJHXC JI CBOHMH (+)-KOHU,aMH Ha nJia3MaTHHeCKOH 
MeM6paHe. 

CaM npopecc o6pa30Bamni aKTHHOBbix (JiHJiaMeHTOB h hx pocTa b 30He 
jiaMejuionjia3Mbi 3aBHCHT ot pnaa peryjiHTOpHbix SejncoB. Ohhii H3 hhx 6enoK 
WASp/Scar CBH3biBaeTca c njia3MaTHHecKOH MeM6paHOH. B ero cocTaBe ecTb 
ynacTKH, CBaibiBaiouiiieca c aKTHHOM, npyroii cneu,HajibHbiii oejiKOBbiii KOMnjieKC 
Arp2/3, KOTOpbiii CBHSbiBaeTCH c (-)-kohu,om pacTymeii uenii nojiHMepa, npenaTCTBya 
ero ^enojiHMepH3au,HH. TaKHe cjiomibie b 3 a h m one m c t b 11a ncyx rpynn peryjurropHbix 
6enKOB npiiBoaaT k TOMy, hto Ha rpamme c njia3MaTHHecKOH MCMopaiioii npoHCxo^HT 
iiancTpaiiBaime pacTyuinx (JimiaivieiiTOB, KOTOpbie Moryr npomoaTb njia3MaTHHecKyio 
MeMSpaHy Tax, hto B03HHKaeT tohkhh BbipocT - (JiHJionoflHa (pnc. 250). 
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Hnane nponcxopHT nojiHMepH3apHa aKTHHa npn o6pa30BaHHH jiaMejuionopHH. 
3aecb Taxace Beaymyio pout nrpaiOT 6cjikh WASp/Scar, KOTOpBie 3aKpenjiaiOTca Ha 
njia3MaTHHecKoii MeMSpaHe h CBa3BiBaiOTca c KOMnaeKCOM Arp2/3n npHKpenjiaiOT 
ero k Sokoboh noBepxHOCTH yace totoboh aKTHHOBOH (J)h6phjuibi. KoMnaeKC Arp2/3 
HHHU,HHpyeT nOJIHMepH3aU,HK) HOBOH aKTHHOBOH (JfflSpHJUIBI, KOTOpaa HaHHHaeT 
pacTH nop ymoM okojio 70° no OTiiouiemno k nepBHHHOH hhth aKTHHa h 
3aKpennaeTca Ha njia3MaTHnecKOH MeM6paHe. TaKHx hobbix Scjikobbix penen 
B03HHKaeT HeCKOJIBKO, H OHH KaK 6bl BeepOM npOCTHpaiOTCH K nJia3MaTHHeCKOH 
MCMopane h TOJiKaiOT ee Bnepep. TaK oopaayeTca nceBponopna hjih jiaMejuionopna 
(pHC. 251) 3a cneT HapaipHBamia aKTHHOBBix (j)HJiaMeHTOB Ha (+) KOHpax. 
OpHOBpeMeHHO C 3THM npOHCXOpHT penOJIHMepH3apHa Tex (-) KOHpOB (j)HJiaMeHTOB, 
KOTOpBie He 3a6noKHpOBaHBi KOMnjieKcaMH Arp2/3 h nopBepraiOTca B03peHCTBHio 
SejiKOB, cnocoScTByiomHx penojiHMepH3au,HH MO. 

TaKHM o6pa30M cjiojkhbih npopecc pocTa MO npHBopHT k nepeMeipeHHio b 
npocTpaHCTBe Kpaa pBHacyipeiica kjictkh. IIo Mepe BoainiKnoBenna jiaMejuionopHH 
hx njia3MaTHnecKaa MCMopana c noivioipBio ochkob HHTerpHHOB o6pa3yeT c 
CySCTpaTOM (j)OKaJIBHBie KOHTaKTBI, OT KOTOpBIX OTXOPHT nyHKH aKTHHOBBIX 
(J)HJiaMeHTOB, yHacTByiounie yace b ppyron (J)opMe nopBHacHOCTH, CBasannoH co 
B3aHM0peilCTBHaMH Me>Kay aKTHHOBBIMH (|)HJiaMeHTaMH H MOTOpHBIMH SeJIKaMH- 
MH03HHaMH. 

Mho3hhbi aBJiaiOTca ophhm H3 cocTaBHBix KOMnoHeHTOB MO. OcHOBHaa paSoTa 
no nepeMemeHHio KJieTOK hjih hx BHyTpeHHnx KOMnoHeHTOB c noMOipBio MO 
nponcxopHT 3a cneT paSoTBi aKTO-MH03HHOBoro KOMnaeKca, rpe aKTHHOBBie 
(JmSpHJiJi&i nrpaKDT porn. HanpaBJiaioiHHx (“pejiBCBi”), a mho3hhbi - TpaHCJioicaTOpBi. 
BecB aKT0-MH03HH0BBiH KOMnneKC npepcTaBaaeT co6oh ATO-a 3 y, h pBHaceHHe 
nponcxopHT 3a cneT OHepran rnppoaH3a ATO. 

Mho3hhbi npepcTaBJiaiOT co6oh eeMeiiCTBO cxophbix SejiKOB. Y Bcex H3 hhx 
ecTB rojiOBHaa (MOTOpHaa ) nacTB, OTBenaiomaa 3a ATO-a3HyK) aKTHBHOCTB 
KOMnaeKca, meiiKa , KOTOpaa CBa3aHa c necKoabKHMii peryjiaTOpHBiMH 6ea ko b bi m h 
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cy6teflHHHu,aMH n xboct . xapaKTepiibiii Ka>Kaoro THna MH03HHa, 

onpeaeaHiomero cneHMcjnmnocTb (|)ynKunn b KJieTKe. CyuiecTByiOT TpH ochobhbix 
THna MH03HH0B. MH03HH II H MH03HH V flBJHHOTCfl flHMepaMH, y KOTOpbIX 0C- 
cnnpajibHbiH ynacTOK xBOCTa o6pa3yeT CBepxcnnpajibHbiH naaoHKOBiianbiH ynacTOK. 
Mho3hh I npeflCTaBJiaeT co6oh MOHOMepHym MOJieKyny (pnc. 252). ,Z],Be MOJieKyabi 
MH03HHa II MoryT accoLunipoBaTb apyr c apyroivi, oopasya oiinoaapnyio TOJiciyK) 
(J)H6pHJiJiy, ywacTByiomyio b MbiuiemiOM coKpameiinn, npn coKpamennn 
BHyTpHKJieTOHHbix nyHKOB MO h npn aeaennH kjictkh. Mho3hhbi I h V THna 
ynacTByiOT bo B3aHMO,neHCTBmix MOK^y 3JieMeHTaMH pHTOCicejieTa h MeMSpaHaMH, 
HanpHMep b TpaHcnopTe Be3HKyji. 

MexaHH3MbI paSOTbl aKT0MH03HH0BbIX KOMnJieKCOB OHCIIb cxoaen, He3aBHCHMO 
OT THna MH03HHa: OH HaHHHaeTCfl CO CBA3H MH03HH0B0H TOJIOBKH C aKTHHOBbIM 
(J)HJiaMeHTOM, ee H3TH6aHHeM h nocaeayiouiHM OTKpenjieHneM . 3a Rabbin h,hkji 
MH03HH0Baa rojiOBKa nepeMemaeTca b HanpaBJieHnn (+)-KOHu,a aKTHHOBoro 
(J)HJiaMeHTa Ha 5-25 hm npn THflpojiH3e o,zuioh MOJieKyjibi ATO. TaKHM o6pa30M 
nponcxoflHT oflHOHanpaBJieHHoe CMememie hjih CKOJib>KeHHe MO otho chtcjibho 
MOJieKyji MH03HHa (pnc. 253). 
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AKTO-MHO'iHHOBbie KOM H. H KCl.l HeMblUieHHblX KMC I Olx 

AKT0-MH03HH0Bbie KOMIIJieKCM ynaCTByiOT B flBHJKCHHH JiaMeJIJIOnJia3MBI. TaK 
MOJieKyjlBI MH03HHa I 6bIJlH BBMBJieHBI Ha BeayUICM KpaK) HBH'/KyUiHXCH a M eon BIX 
(J)opM ^HKTHOCTejiHyMa, b to BpeMa KaK mho3hh II rana o6Hapy>KHBajiai B TeJie H 
KOHU,e KJieTKH. MH03HH I THna ynaCTByeT B flBHJKeHHH MHKpOBOpCHHOK 3HTepOU,HTOB. 
MHKpOBOpCHHKH npeflCTaBJHnOT COSOH TOHKHe (0,1 MKM) H flJIHHHbie (OKOJIO 1 MKM) 
BbipocTBi, TecHO pacnojiojKeHHbie apyr okojio flpyra, nanonoone rycToii meTKii, 
noKpbiBaKDHieH bckd noBepxHOCTb KJieTKH, CMOTpumyio b npocBeT KHineHHHKa. Ha 
Ka^KflOH KJieTKH KHHieHHOTO inilTCaHH IiaCHHTbIBaeTCH HeCKOJIbKO TbICflH 
MHKpOBOpCHHOK, KOTOpbie yBCJlHHHBaiOT BCaCbIBaiOmyK) nOBepXHOCTb B fleCUTKH pa3 
(pHC. ). BHyTpH KajK^OH mhkpobopchhkh paenojiaraeTCii njiOTHbiii nynoK H3 20-30 
aKTHHOBbIX MHKpO(J)HJiaMeHTOB. AKTHHOBbie HHTH 3aKpenJieHbI CBOHMH (+)-KOHU,aMH 
b BepniHHe mhkpobopchhkh. ^CecTKOCTb Bcero nyHKa onpeflejiaeTca pa^OM SejiKOB, 
CBH3bIBaiOIHHX BKTHH nOnepeHHbIMH CBH3KaMH, (|)HM6pHHOM H (jiaCHHHOM (pHC. 254). 
Hh)khm nacTb aKTHHOBoro nynxa BnjieTeHa b eeTb H3 MOJieicyji cneKTpHHa, 
npHMeMOpaHHoro 6ejnca. TaKaa cjwopiiJLiflpnaH apMaiypa nenacT toiikhc 

MHKpOBOpCHHKH 5KCCTKHMH H npOHHbIMH. B 3TOM npOHBJHICTCH KapKaCHaH, CKeJieTHaH 
pOJlb MHKpO(f)HJiaMeHTOB. Ho OKa3aJIOCb, HTO B COCTaBe MHKpOBOpCHHOK 
o6Hapy5KHBaeTCM TaK>Ke MH03HH, OTHOCHIHHHCH K MH03HHy I, COHCp'/KaUICMy TOJIbKO 
OflHy TOJIOBKy H KOpOTKHH XBOCT, KOTOpbIM OH CBfliail C nJia3MaTHHCCKOH MCMOpailOH. 
rOJIOBKH MH03HHa I CBH3bIBaiOTCM C aKTHHOBbIMH (J)HJiaMCHTaMH H MOTyT BbI3bIBaTb 
yKOpaHHBaHHe hjih yzuinneinie MHKpOBOpCHHOK no npHHu,Hny ckohb jhuhix hhtch. 

Mho3hh I TaK>Ke BOBHCKacT ch b TpaHcnopT BaicyojieH. HanpHMep, b KJieTKax 
KHHieHHoro 3nHTejiHii mho3hh I CBH3aH c HeKOTOpbiMH Be 3HKyjiaMH annapaTa 
rojibfljKH. C Be3HKyjiaMH annapaTa rojib^^KH b KJieTKax M03ra ho3bohohhbix CBH3an 
MH03HH V THna. 

HanSoHee ninpoKO npe^CTaBJieH b aKT0MH03HH0Bbix KOMnneKcax mho3hh II 
THna. TaK oh bxohht b cocTaB nyHKOB MO KaK b BenymeM Kpae (|)H6po6jiacTOB, TaK 
h b nyHKax MO) b Tejie KJieTKH. CHHTaeTCn, hto coKpameHne sthx KOMnjieKCOB 
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npuBOflHT k no^TaniBaiiHio KaeTKH Bnepea (pnc. 255). Akthiioblic nyHKii b 

KOMIIJieKCe C MH03HH0M II OCOSeHHO XOpOIHO BblHBHHIOTCH B OCTaHOBHBHIHXCH 
(})Hopo6aacTax, rae ohh ncnoanaiOT cobccm apyryio pojiB. 3th cjMopMaaapnbie 
nyHKH (ohh ho cat Ha3BaHHe HanpaaceHHbix HHTeii hjih CTpecc-(})ii6pMHH) roace 
coaepacaT Bee KOMnoHeHTbi MbimeHHbix TKaHeii (pnc. 256, 257). Ohh KpenaTca c 
noMonibK) (|)OKajibHbix KOHTaKTOB Ha njia3MaTHHecKOH MeMSpaHe h npn coKpameHHH 
hx Bbi3biBaK)T BHe KJieTKH naTaaceniie Ha (J)H6pHJiJiax MaTpHKca (KOJiJiareHOBbie 
BOJIOKHa), HTO, BepOHTHO, CnOCOSCTByeT OpHeHTHpOBaHHOH nOJ!HMepH3aU,HH 
KOMnOHeHTOB BHeKJieTOHHOTO MaTpHKca. 3t0 /IOKa3bIBaeTCH TeM, HTO eCJlH 
(})Hopo6aacTbi nocaaHTb Ha TOiiKiie naenoHiibie noaaoacKH, to nocne o6pa30Banna 
CTpecc-(j)H6pHJiJi njieHKa okojio kjictok HanHHaeT MOpmHTbca, coSHpaTbca b 
CKJia^KH. 

,II,pyrHe npHMepbi cbh3h aKTHHOBbix MHKpocj)HJiaMeHTOB c n a a3 m bt h h e c ko m 
MeMSpaHOH 6biaii npiiBeaeiibi npn onncaHKH KaeTOHHbix KOHTaKTOB, tbkhx kbk 
aare3HomibiH noacoK b KaeTKax km men no ro 3rniTcana h (f)OKaabiibiH kohtbkt 
(})Hopo6aacTOB. AareanBiibiii noacoK KOHTaKTHpyeT c pHpKyaapHbiM nywKOM 
MHKpO(J)HJiaMeHTOB, B COCTaBe KOTOpbIX KpOMe aKTHHa eCTb H MH03HH0Bbie 
MoaeKyabi. IIpH bktc coKpameiiMa ttot Hop Kyra piibni nepH(j)epHHecKHH nynoK 
MoaceT C/KHMaTb xaeTKy, inivieiniTb ee (J)opMy. 

Bo BpeMa MHT03a b HOpMaabHbix ycaoBHax KaeTKH 5khbothbix aeaaTca nyTeM 
o6pa30BaiiHH nepeTaacKH nan Soposabi aeaenwa. 3to nponcxoaoT BcaeacTBue toto, 
hto b aeaaLnenca KaeTKe b ee KOpTHKaabHOM caoe oopasyeTca CKonaeHHe 
napaaeaabHO Hay ni nx aKTHHOBbix (jmSpnaa, oopaayiouinx noa naa3MaaeMMOH 
coKpaTHMoe Koabpo. B cocTaB Koabpa KpOMe aKTHHa bxohmt mho3hh II h apyrne 
MbimeHHbie 6eaKH; coKpameHHe Koabpa npHBoaHT k B03HHKHOBeHHio nepeTaacKH Ha 
HCXOaHOH KaeTKe , HTO B KOHU,e KOHH.OB npHBOaHT K aeJieHHK) KaeTKH HaaBOe (pHC. 

258). 

II,HT0xaaa3HH - hhth6htop noaHMepH3au,HH aKTHHa Bbi3biBaeT 

aenOHHMepH3aiI,HK) aKTHHa B COKpaTHMOM KOabHC, H,HTOTOMHH He npOHCXOaHT, h b 
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pe3yjiBTaTe B03HHKaeT nByanepnaa KJieTKa, t.k. npH stom pacxo/Knemie xpomocom He 
HapymaeTca. 

AKTHHOBBie MHKpO(j)HJiaMeHBI HBJiaiOTCa OflHHM H3 flHHaMHHHblX 3JieMeHTOB 
h,hto CKejieTa, KOTOpbiii noflBepaceH 6biCTpbiM nepecTpoiiKaM, oco6enno b 
ABH acymHxca KJieTKax. 

MbimeHHbie kjictkh 

Cneu,HajiH3HpOBaHHbie MbimeHHbie kjictkh MHoroKJieTOHHbix jkhbothmx 
OpraHH3MOB HMeiOT B U,HTOnJia3Me COKpaTHMbie (J)H6pHJUIbI, MHO(j)H6pHJIJIbI. 
OcoSeHHO MHoro mho(])h6ph.jiji b cxeiieTHbix MbimeHHbix KJieTKax h KJieTKax 
cepneinoii Mbimpbi, b di an ko m bi m ch ii bi x KJieTKax. CKejieTHbie mlilhhli coctoht He 
H3 OT^ejibHbix KJieTOK, a H3 MbimeHHbix bojiokoh, CHMnjiacTOB, o 6 p a 3 o b a b m h x c a 3a 
CHeT CJIHUHHH MbimeHHbix KJieTOK - MHOSjiaCTOB. B CKeJieTHOH H eepfleHHOH 
MycKyjiaType MHoejmSpHJiJibi hmciot xapaKTepHyio ocooennocTb - ohh BbiraaflaT 
HCHepneHHbiMH hjih nonepeHHonojiocaTbiMH (oTCioaa h Ha3BaHHe 
nonepeHHonojiocaTaa MbimenHaa TKaHb) (pnc. 259, 260). B CBeTOBOH MHKpocKon 
BHflHO, hto nyHKH MHO(j)H6pHJiJi OKpaniHBaiOTca HepaBHOMepHo: nepe3 paBHbie 
npoMOKyTKH ajihhbi b hhx bhttho HepenoBamie TeMHbix h CBeTJibix ynacTKOB. 
TeMHbie ynacTKH Ha3biBaiOTca aHH30TponHbiMH ^HCKaMH (A-^HCKaMH), a CBeTJibie - 
H30TponHbie (I-^hckh). CBeTJibiii I-^hck nepeceKaeTca nojiocKoii z. TaKHM o6pa30M, 
MHO(j)H6pHJiJia npe^CTaBJiaeT co6oh hhtb (tojihihhoh 1-2 mkm) c Hepe,nyiomHMHCH 
yiacTKaMii: 

A + 1\2 1+ z+ 1\2I + A+ 1\2I.... ht.a. 

OKa3ajiocb, hto eflHHHu,eii CTpoeHHa h (J)yHKu,HOHHpOBamia aBJiaeTca capKOMep 
- ynacTOK Meac,ny flByMa Z- ^HCKaMH. BejiHHHHa capKOMepOB b paccjiaSjieHHOM 
coctouhhh Bcer^a oflmiaKOBa (1,8-2, 8 mkm b 3aBHCHMOCTH ot BH^a jkhbothbix). 
IIoflpoSHOCTH CTpoemia capKOMepa 6bijih nojiyneHbi tojibko npn H3yneHHH 
MHO(j)H6pHJIJI B 3JieKTpOHHOM MHKpOCKOne. OKa3aJIOCb, HTO MHO(j)H6pHJIJia 
noflpa3flejiHeTca Ha pan 6ojiee tohkhx - npoTOcjmSpHJiJi. Hx jmaMCTp b pa3Hbix 
nacTax capKOMepa pa3JiHHHbiil. B I-^HCKax BCTpenaiOTca tohkhc (okojio 8 hm) hhth 
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flJIHHOH OKOJIO 1 MKM, a B A-flHCKaX KpOMe TOHKHX npilCyTCTBy IOT TOJICTBie (okojio 1 6 
HM TOJIIHHHOh) HHTH flJIHHOH HO 1,5 MKM. Bee 3TH HHTH, npOTO(j)H6pHJlJlBI, 
pacnoaaraiOTca napajiejuiBHO flpyr flpyry h b flpyr flpyra He nepexonflT. Ecjih 
paccMaTpHBaTB CTpoeHHe capKOMepa 6onee no,npo6HO, to bh^ho, hto b^ojib Hero 
pacnojiaraiOTCfl TpH ynacTKa npoTO(j)H6pHJiJi: TOHKHe, CBH3aHHBie c z-^hckom, 3aTeM 
TOJICTBie H CHOBa TOHKHe, CBH3aHHBie CO CJie^yiOmHM Z -flHCKOM (pHC. ). B 30He A- 
flHCKOB KpOMe tojictbix (|)h6phjiji pacnojiaraiOTai kohh,bi tohkhx, unymux ot flByx Z 

-flHCKOB. 

Bnuia BBiacHeHa xHMHHecKan npHpo^a Bcex komhohchtob mho(J)h6phjiji. 
OKa3aJIOCB, HTO TOHKHe HHTH COCTOflT B OCHOBHOM H3 SeJIKa aKTHHB, a TOJICTBie - H3 
6ejnca MH03HHa II. Z -^hckh hmciot b CBoeM cocTaBe SejiOK a- bkthhhh h ^ecMHH. 
B TOHKHX HHTHX KpOMe BKTHHa IiaXOaHTCH OCHKH Tp0n0MH03HH H TpOnOHHH. 

MH03HH, BXOflUIHHH B COCTaB TOJICTBIX HHTCH, - OHCHB KpynHBIH SeJIOK (MOJI. BeC 
500 tbic.), cocToaiHHH H3 HiecTH peneS: pByx pjihhhbix, cnnpajiBHO oSBHBaiomHxcii 
OflHa BOKpyr ppyroH (ra>KejiBie uenn), h neTBipex kopotkhx (jierKHe uenn), KOTOpBie 
CBH3BiBaiOTCii c TJioSyjiapHBiMH rojiOBKaMH fljiHHHBix peneii. IIocjieflHHe oSaapaiOT 
ATO-a3Hoii aKTHBHOCTBio, MoryT pearHpOBaTB c (jDHSpHJiJwpHBiM aKTHHOM, o6pa3ya 
aKT0MH03HH0BBIH KOMnJieKC, CnOCOSHBIH K COKpaiHCHHIO. ToJIIHHHa MH03HH0BBIX 
(J)h6phjiji CBajana c TeM, hto pjihhhbic (150 hm) MOJieKyjiBi MH03HHa arpenipyiOT 
Tax, hto o6pa3yiOT nyHKH, b KOTOpBie bxopmt okojio 300 tbkhx MOJieKyji. B 
MH03HHOBBIX TOJICTBIX (16 HM) npOTO(j)H6pHJIJiaX pjIHHHBie MOJieKyjiBi HC'/KaT “XBOCT 
k xBoery” Tax, hto tojiobkh MH03HHa pacnojiaraiOTCH Ha KOHpax TaKHx hhtch, b 
cpepHeii hx nacTH tojiobok hct (pnc. 261). Fojiobkh o6pa3yiOT nonepenHBie mocthkh, 
CBH3BIBaK)IHHe MOKpy COSOH aKTHHOBBie H MH03HHOBBie HHTH. 

3a CHeT TaKOH CBH3H TOJIOBOK MH03HHa C aKTHHOM B03HHKaiOT aKTOMH03HHOBBie 
KOMnJieKC BI, aKTHBHOCTB KOTOpBIX B COTHH pa3 BBIHie, HCM ATO-a3HaJI aKTHBHOCTB 
OflHHX MH03HHOB. 

AKTHHOBBie npOTO(j)H6pHJIJIBI CBH jailBI Ha OJHIOM KOHU,e C Z -pHCKOM, KOTOpBIH 
COCTOHT H3 naJIOHKOBHflHBIX, OIinOHUpiIBIX MOJieKyji 6eJIKa OC-aKTHHHHa, KOTOpBIH 
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CBM3BIBaeT aKTHHOBBie (j)H6pHJlJlBI B nyHKH. C flByX CTOpOH K Z-flHCKy 
npHKpemraoTca (+)-kohh,bi aKTHHOBBix hutch cocennMx capKOMepOB. OyHKijHJi Z- 
flHCKOB 3aKHIOHaCTCH KaK 6bl B CBH3bIBaiIHH COCCflHHX capKOMepOB apyr c apyroM; Z 
-flHCKH He JIBJHUOTCH COKpaTHMbIMH CTpyKTypaMH. 

TojiCTbie, MH03HH0Bbie, npoTO(j)HJiaMeHTbi Taioxe CB^3aHbi c Z-^hckom: kohu,bi 
TOJICTbIX npOTO(j)HJiaMeHTOB TaK/KC 3aHKOpeiIbI B Z-flHCKe C nOMOUIblO flJIHHHbIX H 
Th6kHX (jfflSpHJIJHIpHBIX SeJIKOB - THTHHOB. MH03HH0Bbie HHTH B nOnepCHIIMKe 
MHO(j)H6pHJiJibi pacnoaaraiOTca b reKcaroHajibHOM nopmiKe, Tax, hto Ka/Knaa 
MH03HH0Baa hhtb OKpyjKaeTCii rnecTbK) aKTHHOBbiMH hhthmh (pHC. 262). Boo6me 
TOBOpa, B MbIHIU,e HeT COKpamaKHHHXOI, yMeHbHiaKDHIHX CBOK) flJIHHy MOJieKyjI. 
CoKpameHHe npoHexonHT 3a eneT yMeHBHieHHn paecTOniimi MOK^y Z-^ncxaMH, T.e. 
3a cneT yMCHbineiimi ajihhbi capKOMepOB npHMepHO Ha 20%. MexamxBM MBimenHoro 
coKpameHHn 3aKJiiOHaeTCii b icoonepaTHBHOM yxopaHHBaHHH Bcex capKOMepOB no 
Been fljiHHe mhocJjhSphjijibi. r.XaKCJin noica3aji, hto b ochobc coKpameHHn jiokht 
riepeMeuiemie othochtcjibho npyr npyra tohkhx h tojictbix hutch. IIpH ttom 
TOJICTbie MH03HH0Bbie HHTH KaK 6bl BXOflHT B npOCTpaHCTBa MOKfly aKTHHOBbIMH 
hhthmh, npHOHH/Kaa apyr k apyry Z-^hckh. 3Ta Monejib CKOJib3amnx hhtch mo>kct 
oSbhchhtb He TOJibKO coKpameinie nonepeHHonojiocaTbix mbihiu,, ho h jikdSbix 
coKpaTHMbix CTpyKTyp (pHC. 263). 

B man KMX MbIHieHHbIX KJieTKaX TTK/K6 MMdOTCH aKTHHOBBie H MH03HH0BBie 
hhth, ho ohh He Tax npaBHJiBHO pacnoji05KeHBi, Kax b HCHepneHHbix Mbimpax. 3necb 
HeT capKOMepOB, a epenn nyw kob aKTHHOBbix npoTO(j)H6pHJiJi 6e3 ocoooro nopnnKa 
pacnonaraiOTca MH03HH0Bbie MOJieKyjibi, KOTOpbie He o6pa3yK)T tojictbix arperaTOB 
KaK b cjiynae c o m aT h h e c k m x mbihiu,, a npencTaBJiaiOT co6oii KOMnjieKCBi H3 15-20 
MH03HH0BBIX MOJieKyjI (pHC. 264). 

Eiaea 21. MmcpoTpySogicH 

Q6uiaH xapaKTepncTHKa MicpoTpySoueic 

Ohm mm h3 ooaiaTenBMbix kommomcmtob u,hto CKejieTa ayxapHOT hbjhhotch 
MHKpQTpv6oHKH (puc. 265). 3to HHTnaTBie neBeTBauineca CTpyKTypBi, tojihihhoh 25 
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HM, COCTO^mne H3 6eJIKOB-Ty6yJIHHOB H aCCOH,HHpOBaHHbIX C HHMH SeJIKOB. 
TySyjiHHBi m h k p o t p y 6 o h e k npn nojiHMepH3au,nn o6pa3yiOT nontie TpySKH, OTKyaa h 
HX Ha3BaHHe. ^HHHa HX M05KCT ^OCTHraTB HeCKOJIBKHX MKM; CaMBie flJIHHHbie 
MHKpOTpySOHKH BCTpenaiOTCa B COCTaBe aKCOHeMBI XBOCTOB CnepMHeB. 

M h KpoT py 6oh km BCTpenaiOTca b H,HTonaa3Me HHTep(j)a3Hbix kjictok, rae ohh 
pacnoaaraiOTCH nooannoHKe nan neSoabuniMM pbixubiMH nynicaMH, nan b BHae 
nnoTHoynaKOBaHHbix m h KpoTpy 6oh e k b cocTaBe uenTpuoaen, 6a3aabHbix Teaeu, n b 
pecHHHKax h acryTHKax. npH aeaemin kjictok Soabinaa wacTb m h K poTpy6oneK 
KJieTKH BxoflHT b cocTaB BepeTeHa aeaeHHa. 

B m o p (}) oa o ranee ko m OTHOineHHH MHKpoTpyooHKH npeacTaBaniOT co6oh 
fljiHHHbie nonbie miaMiiapbi c BHeniHHM anaMCTpoM 25 hm (pnc. 266). CTeHKa 
MHKpOTpySoneK coctoht H3 nojiHMepH30BaHHbix MOJieKyn 6eaica Tyoyanna. npH 
nojiHMepH3aii,HH Moaeicyabi Tyoyanna o6pa3yK)T 13 npoaoabiibix npoTO(j)HaaMeHTOB, 
KOTOpbie CKpyaHBaKDTca b noayio TpySicy (pnc. 267). Pa3Mep MOHOMepa Tyoyanna 
cocTaBaaeT oxoao 5 hm, paBHoro Toamwie CTeiiKii m m KpoTpySon km, b nonepennoM 
ceaeHHH KOTOpoii bh/thbi 13 raoSyaapHbix Moaeicya. 

Moaexyaa Tyoyanna npeacTaBaaeT co6oh reTeponniviep, coctojhhmm h 3 asyx 
pa3Hbix cySbeanim, H3 oc-Ty6yaHHa h (3- Tyoyanna, KOTOpbie npn accou,Hau,HH 
o6pa3yK)T coScTBeHHO 6eaoK TySyaHH, H3HanaabHO noaaprooBaHHbiH. 06e 
ySbeaHHHpbi MOHOMepa TySyanna CBHsaiibi c ITO, oanaKO Ha a-cySbaHinme ITO 
He noaBepraeTCH raapoaroy, b OTaHHHe ot IT<I> Ha P-cySbeaHnnue, rae npn 
noaHMepH3au,HH nponcxoaHT rnapoaH3 TTO ao r)H,0. npn noaHMepH3au,HH 
MoaeKyabi Tyoyanna oSbeaHnaiOTca TaKHM o6pa30M, hto c (3-cy6beainnmeH oaHoro 
6eaxa accopHHpyeT a-cy6beaHHHu,a caeayiomero 6eaxa h T.a. CaeaoBaTeabHO, 
OTaeabHbie npoTO(j)H6pHaabi B03HHKaK)T Kaic noaapHbie hhth, h eooTBeTCTBeHHO Bca 
MHKpOTpySoHKa TO/Ke aBaaeTca noaapHoii CTpyicrypOH, HMeiouieil ObiCTpo 
pacTyniHH (+)-KOHeu, h MeaaeHHO pacTymHH (-) KOHeu, (pnc. 268). 

npH aocTaTOHHOH KOHu,eHTpau,HH 6eaica noaHMepH3au,na nponcxoaHT 
cnoHTaHHO. Ho npn cnoHTaHHOH noanMepH3au,HH TyoyannoB nponcxoaHT rnapoan3 
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OflHOH MOJieKyjiBi TTCD, cBjnannoH c (3-Ty6yjiHHOM. Bo BpeMfl nap a mo Banna aaniibi 
MHKpOTpySOHKH CBHBblBaiHie TySyJIHHOB npOHCXOflHT C SOHbLHCn CKOpOCTBK) Ha 
pacTyuieM (+)-KOHu,e. Ho npn neaocTaTonnon KOHu,eHTpau,HH Tyoyanna 
MHKpOTpySoHKH MoryT pasSnpaTbca c o6ohx xohh,ob. Pa36opKe m n k p ot p y 6 oh e k 
cnocoScTByeT noHmxeHHe TeMnepaTypBi h Haamnie hohob Ca ++ . 

CymecTByeT pan BeuiecTB, KOTOpBie Banaio Ha noaniviepnaanino Tyoyanna. Tax, 
aaxaaoHa kojixhu,hh, coaepacamHHca b 6e3BpeMeHHHKe oceHHeM (Colchicum 
autumnale) , CBa3BiBaeTca c OTaeabiibiMH MoaexyaaMH TySyanna h npeaoTBpauiaeT 
HX nOaHMepH3aU,HK). 3t0 npHBOflHT K na^eHHK) KOHU,eHTpaU,HH CBoSo^Horo 
Tyoyanna, cnocoonoro k noaHMepH3au,HH, hto BBi3BiBaeT bxiCTpyio pa36opxy 
u,HTonaa3MaTHHecKHx MHxpOTpySonex h m n k p ot py 6 o h e k BepeTeHa aeaenna. TaxHM 
ace ^eHCTBHe oSaaaaiOT Koane ivina h noKoaoaoa, npn OTMBiBaHHH xoTOpBix 
npoHCxo^HT noaHoe BOCCTaHOBaeHHe MHxpOTpySonex. 

CtbS na n 3 n py io lh n m aeiiCTBne Ha m n xpoTpybon k n oSaaaaeT Taxcoa, xoTOpBin 
cnocoocTByeT noaHMepH3au,HH Tyoyanna aa>xe npn ero hh3xhx xoHu,eHTpaH,Hax. 

Bee 3to noxa3BiBaeT, hto m n k p ot py 6 o n k n aBaaiOTca onenb annaivinHnbiivni 
CTpyxTypaMH, xoTOpBie MoryT aocTaTonno ObiCTpo B03HHxaTB h paaonpaTbca. 

B cocTaBe Bbiaeaemibix m n k p ot p y 6 o h e k o6napy>xnBaiOTca accou,HHpOBaHHBie c 
hhmh aonoannTeabiibie 6eaxn, t.h. MAP-6eaxn (MAP- microtubule accessory 
proteins). 3th 6eaxn, CTaSnansnpya MHxpOTpySonxH, ycKopaiOT nponecc 
noaHMepH3au,HH Tyoyanna (pnc. 269). 

B nocae^Hee BpeMa npopecc c6opxn h pa36opxn MHxpOTpySonex CTaan 
naSaioaaTb b hchbbix xaeTxax. nocae BBeaenna b xaeTxy Menenbix (jmyopoxpOMaMH 
aHTHTea x TySyanny h npn HcnoaB30BaHHH aaexTpOHHBix encTCM ycnaenna cnrHaaa 
b CBeTOBOM MHxpocxone, MO/xno BnaeTb, hto b >xhboh xaeTxe m n k p ot py 6 o h k n 
pacTyT, y ko p an n b a i o t c a , ncneaaiOT, T.e. nocToanno naxonaTca b annaMnnecKon 
HecTaSnaBHOCTH. Oxa3aaocB, hto epeanee Bpeivia rioay/xnsnn u,HTonaa3MaTHHecxHx 
MHxpOTpySonex cocTaBaaeT Bcero anmB 5 MHHyT. Tax 3a 15 MHHyr oxoao 80% Bceii 
nonyaannn MHxpOTpySonex oSnoBaaeTca. npn 3tom OTaeaBHBie MHxpOTpySonxH 
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MoryT Ha pacTymeivi KOHpe Meanenno (4-7 mkm\mhh) yzpiHHJiTbCJi, a 3aTeM 

flOCTaTOHHO ObiCTpo (14-17 mkm\mhh) yKopaniiBaTbCH. B jkhbbix KJieTKax 

MHKpOTpySoHKH b cocTaBe BepeTeHa ^ejieHmi hmckdt BpeMH >kh3hh okojio 15-20 cex. 

CHHTaeTCM, HTO /I H II a M H H e C K a H IieCTaOILlbllOCTb U,HTOnJia3MaTHHeCKHX 

MHKpOTpySoneK CBJiaana c 3anep>KKOM TH,apojiH3a ITO, 3to npHBOflHT k TOMy, hto Ha 
(+)-KOHu,e MHKpOTpySoHKH o6pa3yeTcn 30Ha, conep'/Kamafl nerH^poaH30Baiiiibie 
HyKJieoTHflbi (‘TTO- koji n an ok”). B stoh 30He MOJieKyjibi TyoyrMiia CBJi3biBaiOTCH c 
SojibHiHM cpOflCTBOM ,npyr k flpyry, h, cjieflOBaTejibHO, cxopocTb pocTa 

MHKpOTpySoHKH B03pacTaeT. HaoSopOT, npn noTepe stoto ynacTxa, m m KpoTpy 6oh k m 
HaHHHaKDT yKOpaHHBaTbCfl. 

OflHaKO 10-20% MHKpOTpySOHeK OCTaiOTCH OTHO CHTeJIbHO CTaSHJIbHbIMH 
^ocTaTOHHO Conroe BpeMa (no HecKOJibKHx nacoB). Taxaa CTa6H3H3amiJi 

HaSjHOflaeTca b Sojibhioh CTeneHH b ^H(J)(J)epeHu,HpoBaHHbix KJieTKax. CTaSHjnmpmi 
MHKpOTpySoHeK CBJiaana hjih c MoaHcjiiiKamieH TyoyaniiOB hjih c hx CBJi3biBainieM c 
^OnOJIHHTeJlbHblMH (MAP) SeJIKaMH MHKpOTpySOHeK H C flpyrHMH KJieTOHHbIMH 
KOMnOHeHTaMH. 

ApeTHJiHpOBaHHe jiH3HHa b cocTaBe TySyjiHHOB 3HaHHTejibHO yBejiHHHBaeT 
CTaOnjibHOCTb mm K poTpyOoneK. /IpyrMM npHMepOM MonHcjiiiKamm TySyjiHHOB mo/KCt 
6biTb ynaneinie TepMHHajibHoro THp03HHa, hto TaioKe xapaxTepno CTaSHJibHbix 
MHKpOTpySOHeK. 3 th MOHMC|)MKamiII oSpaTHMbl. 

CaMH MHKpOTpySOHKH He CnOCOOHbl K COKpameHHK), OflHaKO OHH HBJHHOTCH 
06«3aTeJIbHbIMH KOMnOHeHTaMH MHOTHX HBM'/KyUIMXCH KJieTOHHbIX CTpyKTyp, TaKHX 
KaK peCHHHKH H ’/KTyTHKH, KaK BepeTeHO KJieTKH BO BpeMH MHT03a, KaK 
MHKpOTpySoHKH u,HTonjia3Mbi, KOTOpbie o6H3aTejibHbi fljia pejioro pa^a 
BHyTpHKJieTOHHbIX TpaHCnOpTOB, TaKHX KaK 3K30U.HT03, HEM/KCIIHe MHTOXOHflpHH H 
4P- 

B u,enoM >Ke pojib u,HTonjia3MaTHHecKHx m m k p ot p y 6 o h e k MO>KeT 6 bitb CBenena k 
flByM (J)yHKu,HHM: CKejieTHOH h flBHraTejibHOH. CKejieTHan, KapKacHan, pojib 

3aKJiK)HaeTCH b tom, hto pacnoHO'/Keime m m k poT py 6 oh e k b u,HTonna3Me 
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CTa6HJiH3HpyeT (j)opMy kjictkh; npn pacTBOpeHHH MHKpOTpySoneK kjictkh, HMeBinne 
caoacHyio (J)opMy, CTpeMHTCH npnoopecTM (J)opMy mapa. ^BHraTeabHaa ponB 
MHKpOTpySoneK aaKaionaeTca He tojibko b tom, hto ohh coapaiOT ynopaaoHennyio, 
BeKTOpHyK) , CHCTeMy aBHaceHHa. M m K poTpy 6oh k m u,HTonjia3MBi b accopHapHH co 
cneu,H(j)HHecKHMH a c c o u h n p o b a n n b i m m MOTOpHBiMH OeaxaMH o6pa3yiOT ATO-a3Hbie 
KOMnjieKCBi, cnocooiibie npMBOHMTb b aBHacenne KJieTOHHbie KOMnoHeHTbi. 

IIpaKTHHecKH bo Bcex ayxap h ot m h e c k m x KJieTKax b rHanonjia3Me MoacHO bohstb 
fljiHHHbie neBeTBJiuiiiecH m m xpoTpyOon kh . B Sojibhihx xoaHHecTBax ohh 
o6napy>KHBaiOTcn b h h t o mas m ar hh e c khx OTpocTKax HepBHbix khctok, b OTpocTKax 
MejiaHopHTOB, aMe6 h apyrnx H3MeHHK>iHHx cbokd (J)opMy KJieTKax (pnc. 270). Ohh 
MoryT 6biTb Bbipeaenbi cbmh hjih ace MoacHO BbiaeaHTb hx oSpaayiomne Sen km: tto 
Te ace TySyjiHHbi co bccmh hx CBOHCTBaMH. 

II,eHTpbi ()praHii3amiii MHKpoTpy6oqeK. 

Poct MHKpOTpySoHeK u,HTonjia3Mbi npoHexoflHT nojiapHo: napamuBaeTca (+)- 
KOHeU, MHKpOTpySOHKH. TaK KaK BpeMH 5KH3HH M M K p O T p y 6 O H 6 K OHCMb KOpOTKO, TO 
aoaacHO nocToanno npoHCxo^HTb o6pa30BaHHe hobbix m m k p ot p y 6 oh e k . TTpouecc 
Hanajia nojiHMepH3au,HH TyoyannoB, nyKaeauHa , npoMCxopHT b hctko orpanMHennbix 
ynacTKax khctkm, b t.h. uempax opraHH3aHHH MHKpoTpvOoHeK (U,OMT). B 30Hax 
U,OMT npoHexoflHT aaKaapKa kopotkhx m m KpoT py 6owe k, oopauiennbix cbohmh (-)- 
KOHU,aMH K U,OMT. CHHTaeTCB, HTO B 30HaX H,OMT (— )-KOHH,bI 3a6jIOKHpOBaHbI 
cneu,HaabHbiMH SeaxaMH, npeaoTBpamaiomHMH nan orpaHHHHBaioiHHMH 
a e n oa m m epos a u m i o TyoyannoB. IIo3TOMy npn aocTaTOHHOM KoaHaecTBe CBODoanoro 
Tyoyanna 6yaeT npoMCxoaMTb napauniBanMe annual MHKpOTpySoneK, otxohhhimx ot 
U,OMT. B KanecTBe U,OMT b KaeTKax 5khbothbix ywacTByiOT raaBHbiM o6pa30M 
KaeTOHHbie peHTpbi, coaepacamne peHTpHoan, o hcm 6yaeT cica3aHO no3ace. KpOMe 
toto b KaaecTBe U,OMT MoaceT cayacHTb aaepHaa 30Ha, h bo BpeMa MHT03a noaioca 
BepeTeHa aeJieHHa. 

Haanane peHTpOB opraHH3au,HH MHicpOTpySoaeic aoKa3biBaeTca npHMbiMH 
TKcnepHMeHTaMH. Tax, ecan b acHBbix KaeTKax noaHOCTbio aenonHMepH30BaTb 


365 



MHKpOTpySOHKH HJIH C nOMOHIblO KOJipeMHpa HJIH nyTCM OXJiaiKpeHHJI KJieTOK, TO 
nocne chjithji B03peHCTBHJi nepBbie npH3HaKH noaBJiemia m h k poT py 6 oh e k 6ypyT 
noaBJiaTBca b BHpe papnajibHO pacxopaipHxca Jiyneii, otxopjiiphx ot ophoto MecTa 
(pnracTep). 06 bihho y kjictok jkhbothoto npoHCxo5KpeHHa pnracTep B03HHKaeT b 
30He KJieTOHHoro peHTpa. Ilocjie TaKoi! nepBimnoii HyKJieapHH MHKpOTpySonKH 
HaHHHaiOT OTpacTaTB ot U,OMT h lanojnuiTb bckd pHTonjia3My. CjiepoBaTejibHO, 
pacTyipne nepncjiepHHecKHe koiipbi m h k poT py 6 oh e k 6ypyT Bcerpa (+)-KOHpaMH, a (-)- 
kohpm 6ypyr pacnonaraTbCM b 30He U,OMT (pnc. 271, 272). 

U,HTOnJia3MaTHHeCKHe M I1 KpOTpy 6o l I K H B03HHKai0T H paCXOPHTCH ot opnoro 
KJieTOHHOTO peHTpa, C KOTOpbIM MHOTHe TCpfllOT CBH3b, MOTyT SbICTpO pajOIipaTBCH, 
hjih, HaoSopOT, MoryT CTa6HJiH3HpOBaTbca npn accopnapHH c ponojiHHTejibHbiMH 
SejiKaMH. 

Opho H3 cjiyiiKpuonaabiibix naanaHeiinH m h k p ot p y 6 o h e k piiTonaasMbi 
3aKJIK)HaeTCa B C03paHHH SJiaCTHHHOTO, HO OpHOBpeMeHHO yCTOHHHBOTO 

BHyTpHKJieTOHHoro CKejieTa, neoSxopHMoro pjia noppepiKaHHii (jiopMbi kjictkh. 
HaiipeHO, hto y phckobhphbix no (|>opMe apmpopHTOB aM(])H6HH no nepH(J)epHH 
KJieTKH ae'/KHT >KryT pnpKyjiapHO yjio>KeHHbix MHKpOTpySoneK; nyHKH 

MHKpOTpySoneK xapaKTepHbi pjia pa3JiHHHbix BbipocTOB pHTonna3Mbi (aKConopnn 
npOCTeHHIHX, aKCOHbl HepBHbIX KJieTOK H T.p.). 

^eiiCTBHe KOJixnpnHa, Bbi3biBaioipero penojiHMeproapHio TySyjiHHOB, chjibho 
MeinieT (j)opMy kjictkh. TaK, ecjin OTpocnaTyio h nnocKyio KJieTKy b Kymnype 
(J)H6po6jiacTOB o6pa6oTaTb kojixhphhom, to OHa TepneT nojiapHOCTb. Tohho TaKHM 
>Ke o6pa30M Bepyr ce6n ppyrne kjictkh: kojixhphh npeKpaipaeT pocT kjictok 
XpyCTaJIHKa, OTpOCTKOB HepBHbIX KJieTOK, o6pa30BaHHe MbIHieHHbIX TpySOK H T.p. TaK 
KaK npn 3tom He Hcne jaiOT 3JieMeHTapHbie (})opMbi npHcyipero KJieTKaM pBir/Kemin, 
TaKne, KaK nnHopnT03, ynpyanpyioupie pBH/KemiJi MCMopan, o6pa30BaHHe mcjikhx 
nceBponopHH, to, pojib MHKpOTpySoneK 3aKJnonaeTca b o6pa30BaHHH KapKaca pjia 
noppep'/KamiJi KJieTOHHoro Tejia, pjw CTa6HJiH3apHH h yKpenjieHHa KJieTOHHbix 
BbipocTOB. KpOMe toto, MHKpOTpySoHKH ynacTByiOT b npopeccax pocTa KJieTOK. TaK, 
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y pacTeHHH b npopecce pacTiDKeHHii kjictok, xorna 3a cneT yBejiHHeHHa pempajiBHOH 
BaKyojiH npoHexoflHT 3HaHHTejiBHbiH pocT oSteMa KJieTOK, SojibniHe KOJinnecTBa 
MHKpOTpySoneK nouBjuiiOTCJi b nepncjiepHHecKHx cjiohx u,HTonjia3Mbi. B 3tom cjiynae 
MHKpOTpySoHKH, Tax >Ke Kax h pacTymaa b 3to BpeMa KaeTOHiiaa CTeHKa, kbk 6bi 
apMHpyKDT, MexaiiHHecK'H yKpenjunoT u,HTonjia3My. 

Co3^aBaa Taxon b 1 1 y t p n k ji cto hhbi h CKejieT, m n xpoTpySon km Moryr obitb 
(J)aKTOpaMH OpHeHTHpOBaHHOrO aBM’/Kemifl BHyTpHKJICTOHHBIX KOMnOHeHTOB, 
sa^aBaTb cbohm pacnojio>KeHHeM npocTpaHCTBa ^Jia HanpaBJieHHbix noTOKOB pa3Hbix 
BemecTB h ^Jia nepeMemeHHH KpynHbix CTpyKTyp. Tax, b cjiynae MenaHO(f)opOB 
(KJieTKH, conep'/Kamne nHrMeiiT Mejiainin) pbi6 npn pocTe KjieTOHHBix otpoctkob 
rpaHyjibi niir\ieiiTa nepejiBiiraiOTCfl b^ojib nynKOB m n k p ot py 6 o h e k . Pa3pymeHHe 
MHKpOTpySoneK kojixhh,hhom npHBOflHT k HapymeHHK) TpaHcnopTa BemecTB b 
axcoHax HepBHbix kjictok, k npeKpameHHio 3K30u,HT03a h Sjioxane ceKpeu,nn. IIpH 
pa3pymeHnn m n KpoTpyooncK u,nTonjia3Mbi npoHCxo^HT (j)parMenTamiJi h 

pa36eraHHe no u,HTonjia3Me annapaTa rojiBH'/xn, pa3pymeHne m n to xo i i n p n a ji b i i o ro 
peTHKyjiyMa. 

^ojiroe BpeMn cnHTajiocb, hto ynacTHe m n k p ot p y 6 o h e k b HBn/Keinni 
n,HTonjia3MaTHnecKHx KOMnOHeHTOB 3aKaiOHaeTCH jihuib b tom, hto ohh coanaiOT 
cncTeMy ynopHjiOHeniioro nBH>KenHJi. Hnorna b nonyjiapHon jiHTepaType 
u,HTonjia3MaTHnecKne m n xpoTpySow kh cpaBHHBaiOT c /Keae3nonopo>Kn bi m n 

pejibcaMH, 6e3 kotopbix flBH>KeHHe noe3^0B hcbo3mo>kho, ho KOTOpBie caMH no ce6e 
n h Hero He HBiiraiOT. On no Bpeivoi npennonarajin, hto HBnraTejieivi, jiokomothbom, 
MO>KeT 6bITB CHCTeMa aKTHHOBBIX (j)HnaMeilTOB, HO OKa3aJIOCB, HTO MexaHH3M 
BHyTpHKJieTOHHoro nepeiYiemeiHHi pa3JiHHHBix MCMopamiBix h iieMeMopaiiiibix 
KOMnOHeHTOB CBJiaaii c rpynnoii hhbix ocjikob. 

nporpecc 6biji nocTnrnyT npn H3yneHHH t.h. aKCOHajiBHoro TpaHcnopTa b 
THraHTCKHX HeilpOHaX KaJIBMapa. AkCOHBI, OTpOCTKH HepBHBIX KJieTOK, MOryT HMeTB 
oonbuiyio n Jinny h 3anojiHeHBi Sojibhihm hhcjiom m n KpoTpy 6oh e k h 

HeiipocjiHJiaMeHTOB. B aKCOHax tkhbbix HepBHbix kjictok mo>kho naonionaTB 
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nepeMemeffiie paxinmibix mcjikhx BaKyojieii h rpaHyn, KOTOpbie HBiiraiOTcn KaK ot 
Tena KJieTKH k HepBHOMy OKOimamno (aiiTeporpaanbiH TpaHcnopT), Tax h b 
npoTHBonono>KHOM HanpaBJieHHH (peTporpa^HbiH TpaHcnopT) . Ecjih aKCOH 
nepeTHiiyTb tohkoh jinraTypOH, to Taicon TpaHcnopT npiiBeaeT k CKonjieHHio mcjikhx 
BaKyoneii no o6e CTOpOHbi ot nepeTiDKKH. BaKyonn, aBiiraiouniecH aiiTeporpa/nio, 
co^epJKaT pa3JinnHbie Me^naTOpbi, b tom 5Ke HanpaBJieHHH MoryT aBuraTBCH n 
mhtoxohaphh. PeTporpa^HO HBiiraiOTCH BaKyonn, o6pa30BaBinneca b pe3yjibTaTe 
3H^ou,HT03a npn peu,HKJinpoBaHHH MCMopamibix ynacTKOB. 3th aBH/Kemui 
npOHCXOflMT C OTHO CHTeJIbHO BbICOKOH CKOpOCTbK): OT TeJia HenpOHa - 400 MM B 
cyTKH, b HanpaBJieHHH k HeiipOHy -200-300 mm b cyncn (pnc. 273). 

OKa3ajiocb, hto H3 OTpe3Ka rnraHTCKoro aKCona xajibMapa mo>kho BbiaeaiiTb 
aKConjia3My, co^epJKHMoe aKCona. B Kanne Bbineaennoii aKConjia3Mbi npoaoji/KaeTca 
ABH>KeHHe MejiKHx BaKyoneii h rpaHyn. C noMombio BH^eoKompacTHoro ycTponcTBa 
MO>KHO BHaeTb, HTO HBH/KeilHe MCJIKHX ny3bIpbKOB npOHCXOflHT BflOJIb TOHKHX 
HHTnaTbix CTpyKiyp, BflOJib MHKpOTpySoHeK. H 3 tthx npenapaTOB 6bijih Bbiaeaenbi 
SejiKH, OTBeTCTBeHHbie 3a flBH^KeHHe BaKyojieii. Oahh h3 hhx KHHe3HH . SejiOK c 
MOJieKyjIHpHblM BeCOM OKOJIO 300 TbIC. Oh COCTOHT H3 flByX CXOHIIblX TJDKejIbIX 
nojinnenTH^Hbix ueneii h HecKOJibKHx jictkhx. Ka^aa TJDKejiaH u,enb o6pa3yeT 
rjioSyjiapHyio rojiOBKy, koto pan npn accou,Hau,HH c m h KpoTpy 6oh ko ii oSjia^aeT ATO- 
a3HOH aKTHBHOCTbK), B TO BpeMH KaK JieTKHe U,enH CBH3bIBaiOTCII C MeMSpaHOH 
ny3bipbKOB hjih flpyrnx nacTHu, (pnc. 274). npn THflpojiroe ATO H3MeHaeTca 
KOH(jiopMau,Hii MOJieKyjibi KHHe3HHa h reHepHpyeTca nepeMemeHne HacTHpbi b 
HanpaBJieHHH K (+)-KOHH,y MHKpOTpySOHKH. OKa3aJIOCb B03M05KHBIM npHKJieHTb, 
HMMo6HJiH30BaTb MOJieicyjibi KHHe3HHa Ha noBepxHOCTH CTeKJia; ecjin k TaKOMy 
npenapaTy b npHcyTCTBHH ATO noOaBiiTb cBoSomibie m h k p OTpy 6 ohkh , to 
nocjieflHHe naHiinaiOT ^BHraTbca. HaooopoT, mo'/Kiio HMMo6HJiH30BaTb 
MHKpOTpySOHKH, HO floSaBHTb K HHM MCMOpanilbie ny3bIpbKH, CBH3amibie c 
KHHC3HHOM - ny3bipbKH HaHHHaiOT HBHraTbCH BflOJIb M II K p OT p y 6 O H e K . 
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CymecTByeT u,enoe ceMeficTBO xhh63hhob, oSjia^aiomHx cxoahbimh 
MOTOpHBIMH TOUOBKaMH, HO OTJIHHaKDHIHXCa XBOCTOBBIMH flOMCHaMH. TaK, 
U,HT030JIBHBie KHHC3HHBI yHaCTByiOT B TpaHCnOpTe no M II KpOT py OOH KBM Be3HKyjI, 
JIH30C0M h flpyrnx MeMSpaHBix opraHemi. Mhothc H3 KHHe3HHOB CBa3BiBaK)Tca 
cneu,H(j)HHecKH co cbohmh rpy3aMH. Tax HexoTOpBie ynacTByiOT b nepeHOce tojibko 
MHTOXOHflpHH, ApyTHe - TOJIBKO C II II a n T M H e C K M X ny3BIpBKOB. KHIieJHIIBI 
CBK3BiBaiOTca c MeMSpaHaMH nepe3 MeMSpaHHBie SejncoBBie KOMnjieKCBi - 
KHHeKTHHBI. KHHe3HHBI BepeTCHa ^eJieHHH ynaCTByiOT B o6pa30BaHHH 3TOH 
CTpyKTypBI H B paCXO/KaeilHH XpOMOCOM. 

3a peTporpaaHBiii TpaHcnopT b aKCOiie OTBenaeT apyroii 6e.ro x - 
u,HTonjia3MaTHnecKHH iihhshh (pnc. 275). 

Oh coctoht H3 aByx TaacenBix peneii - tojiobok, B3aHMOfleHCTByiomHx c 
MHKpOTpySOHKaMH, HCCKOJIBKHX II p O M 6 >K y T O H 1 1 BIX H JieTKHX U,eneH, KOTOpBie 
CBB3BiBaiOTca c MeMopamiBiMM BaKyojwMH. Li, h t o n a a3 m aT ii h e c k 11 ii anneim aBJiaeTca 
MOTOpHBiM SejiKOM, nepenocjimHM rpy3Bi k MHHyc-xoHuy m ii k poT py 6oi e k . ^hhchhbi 
T axace ^eaaTca Ha flBa KJiacca: u,HT030HBHBie - ynacTByiomHe b nepeHOce BaxyoneH h 
xpOMOCOM, h axcoHeMHBie - OTBenaiomHe 3a flBHaceHHe pecHHnex h acrymxoB. 

LJ,HTonaa3MaTHHecKHe amieiniBi h khhc3hhbi 6bijih o6napyaceiiBi npaxTHHecxH 
bo Bcex Tnnax KJieTOK jkhbothbix h pacTeHHH. 

TaKHM o6pa30M, h b u,HTonaa3Me ^BHaceHHe ocymecTBJiaeTca no npHHu,Hny 
CKOaB3HIHHX HHTCH, TOJIBKO BflOJIB MHKpOTpySOHeK IiepeMeUiaiOTCH He HHTH, a 
KOpOTKHe MOJiexyjiBi - aBiiaceTejHi, CBinaiiiiBie c n e p e m e hi a i o hi ii m ii c a KneTomibiMii 
KOMnOHeHTaMH. CxOflCTBO C aKT0MH03HH0BBIM KOMnJieKCOM 3TOH CHCTCMBI 
BHyTpHKaeTOHHoro TpaHcnopTa 3axjnoHaeTca b tom, hto ooparyeTCH aBoiiiioii 
xoMnjiexc (m ii xpoTpy6on na + .zjBHaceTejiB), oSjiaaaiomiiH bbicokoh ATO-a3H0H 
aKTHBHOCTBK). 

Kax mbi biihhm, MHKpOTpySonxH o6pa3yiOT b xaeTxe paanajiBiio paoxonamnecH 
noaapH30BaHHBie cjiiiopiuriBi, (+)-xohu,bi kotopbix iianpaBaeiibi ot ueiiTpa khctkii x 
riepHcJiepiiii. HaannHe ace (+) h (-)-iianpaBaeiniBix MOTOpHBie ochkob (xnHe3HHOB h 
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flHHenHOB) co3^aeT bo3mo>khoctl fljia nepeHoca b KJieTKe ee KOMnoHeHTOB KaK ot 
nepHcfjepim k ueiiTpy (ynaommyaibie BaicyojiH, peu,HKJiH3an,Ha Baxyoaei! 3P h 
annapaTa Toabaacn h ap), TaK h ot pempa k nepMc})epini (BaicyojiH 3P, aH30C0Mbi, 
ceKpeTOpHbie Baxyoan h ap) (pnc. 276). Taxaa noaapHOCTb TpaHcnopTa co3aaeTca 3a 
CHCT OpraHH3aU,HH CHCTeMbI MHKpOTpySoaeK, B03HHKaK)mHX B UCIITpaX HX 
opraHH3au,HH, b xaeTOHHOM pempe. 

Taaea 23. KaeTOHHbiH ixeHTp 

HTax, b KaeTKax acHBOTHbix, pacTeHHH h oanoxaeTOwnbix m h xpoTpy 6 oh k h 
noaapH30BaHbi, Tax hto SoabineH nacTbio hx pacTyipne (+)-xohpm HanpaBaeHbi k 
nepH(|)epHH KaeTKH. 3 to CBa3aHO c tcm, hto MT HaaimaiOT cboh pocT ot 
cneunaabiibix ynacTxoB b xaeTxe, ot pempoB opraHH3apHH MHxpOTpySonex 
(U,OMT). HexoTOpbie H3 U,OMT hmciot caoacnyio m o p (}) o a o r h h e c K y i o opraHH3apHio, 
apyrne ycTpoeHbi imane. PaaaHHiibie U,OMT MoacHO pa3aeaHTb Ha HecxoabKO rpynn: 
peHTpocoMHbie KaeTOHiibie ueiiTpbi, h ueiiTpbi opramoapHH MHxpOTpySonex, He 
HMeromne aeTKOH aoxaaroapHH. 

Tax HanpHMep, b xaeTxax bbichihx pacTeHHH noaHMepiramiui MT nponcxoaHT 
no nepH(j)epHH xaeTOHHoro aapa, ot xoTOporo MT pacxoaaTca paanaabiio. Cxoanaa 
xapTHHa naSaioaaeTCH npn perenepapiiH MT b rnraHTCXHx xaeTxax caioinibix aceae3 
aByxpbiabix. B pape cayaaeB H0B006pa30BaHHe MT, hx 3axaaaxa, Hyxaeapna, MO>xeT 
nponcxoaHTb b u,HTonaa3Me BHe cbh3h co cnepnaabHbiMH 30HaMH nan CTpyxTypaMH. 

Ho b SoabHiHHCTBe cayaaeB b HHTep(j)a3Hbix xaeTxax 5xhbothbix opraHH3MOB 
o6pa30BaHne h pocT MT nponcxoaHT ot xaeTOHHoro peHTpa, coaepacaipero 
cneu,HaabHbie o6pa30BaHHa - pempocoMbi. xoTOpbie Soabmen nacTbio MoryT 
coaep>xaTb caoacHO opraHH30BaHHbie peHTpHoan . nan ace He hmctb hx. 

IjeHTpOCOMbl H UeHTpHOaH 

H,eHTpocoMbi Obian oonapyacenbi h onncaHM cto aeT Ha3aa (OaeMMHHT, 1875; 
EeHeaeH, 1876) - tto oneHb Meaxne Teabpa, pa3Mep xoTOpbix HaxoaHTca Ha rpamipe 
pa3pemaioipeH chocoShocth cbctoboto MHxpocxona, o6mhho pacnoaaraioipHecfl b 
reoMeTpHnecxoM ueiiTpe xaeTxn, OTxyaa h hx Ha3BaHne. B HexoTOpbix oSbexTax 
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yuaBanocb bhhctb, hto mcjikhc miOTHbie Tejibpa ( hciitphojhi ), oobihiio b nape 
(^nnnocoMa), OKpyaceHbi 30hoh 6onee cbctjioh u,HTonjia3Mbi (coSctbchho 
neiiTpocoMa), ot kotopoh OTxoaaT paanajibHO TOHKne (J)n6pnjijibi ( ueiiTpoc(|)epa ) 
(pnc. 277). 

U,eHTpocoMbi xapaKTepHbi n o6a3aTejibHbi ana kjictok jkhbothbix, h iict y 
Bbicmnx pacTeHHH, y HH3mnx rpnSoB n HeKOTOpbix npocTenmnx. BbiJio 3aMeneHO, 
hto peHTpocoMbi b aeJiamnxca KJieTKax npnHHMaKDT ynacTne b (J)opMHpOBaHnn 
BepeTeHa aeJieHHa n pacnojiaraiOTca Ha ero nojnocax. B Heaejiamnxca KJieTKax 
peHTpocoMbi nacTb onpeaejiaiOT nojiapHOCTb kjictok snHTejiHa n pacnojiaraiOTca 
b6jih3h annapaTa rojibaacn. Taicaa cbh3b neiiTpocoM c annapaTOM RbibH/KH 
xapaKTepHa ana mhothx kjictok, b tom nncjie fljia kjictok KpOBH n HepBHbix kjictok. 
HacTO peHTpocoMbi jieacaT paaoM c aapOM, pacnojiaraacb b 30Hax ero BnaHHBamia. 
HanpnMep, b nojiHMOp(|)Hbix jieiiKomiTax (neHpo(j)HJibi) neiiTpocoMa jieacHT BHyrpn 
noflKOBOBHflHoro BnannBaHna aa pa (pnc. 278). 

Tun h hi ioe CTpoeHne kjictohiilim neiiTp HMeeT b KJieTKax acHBOTHbix. Oh 
npe^CTaBJiaeT co6oii 30Hy, cocToamyio H3 peHTpHOJieii h ORpyacaiomei! hx aMOpcjiHoii 
cfinopmuiapiioii Maccbi hjih MaTpHKca. B pane cjiynaeB b cocTaB kjictohhoto ueiiTpa 
HJIH HCIITpOCOMbl BXOflHT TOJIbKO 3Ta (J)H6pHJIJiapHaa MaCCa, OT KOTOpOH OTXOflaT 
MHKpOTpySOHKH (CM. IIHVKC). 

HanSonee ace nacTO KpOMe MaTpHKca b cocTaB kjictohhoto ueiiTpa BxonaT 
HeHTpHOJIH . KaK MCJIKHC Tenma, C TpyZJOM naOnionaeMbie B CBeTOBOM MHKpOCKOne. 

ToHKoe CTpoeHne peHTpHOJieii yaanocb inyHiiTB tojibko c noMombio 
3JieKTpOHHoro MHKpocKona. OcHOBy CTpoeHHa peHTpHOJieii cocTaBJiaiOT 
pacnojioaceHHbie no OKpyacHOCTH aeBaTb TpHnjieTOB m ii K poTpySoneK, o6pa3yiOHiHe 
TaKHM o6pa30M nojibiii muniiiap (pnc. 279). Ero mnpHHa okojio 0, 15 mkm, a annua 
TaKoro u,HJiHHapa 0,3-0, 5 mkm (xoTa BCTpenaiOTca pempHOJiH, aocmraiomHe b 
HJHIIiy HeCKOJIbKO MHKpOH) (pHC. 280). 

IlepBaa m ii k p o t p y 6 o h k a TpnnjieTa (A-MHKpOTpy6oHKa) HMeeT anaMeTp okojio 
25 hm h TOJiniHHy ctchkh 5 hm, KOTOpaa coctoht H3 13 raoOyjiapHbix cyObeaninm. 
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,Z],jiHHa xaacaoro TpHnaeTa paBHa panne peHTpHoan. BTOpaa n TpeTba (B h C) 
MHKpOTpySOHKH OTaHHaiOT Cfl OT A-MHXp 0 Tpy 60 HXH T 6 M , HTO OHH flBHfllOTCfl 
HenojiHbiMH, coaep>KaT 11 cySbeannnp h BnaoTiiyio npmvtbixaiOT k cbohm cocea»M. 
Kaacpbii! TpHiuieT pacnoaaraeTca k papnycy TaKoro pnannppa nop yraoM okojio 40°. 
KpOMe M H K p O T p y 6 O H e K B COCTaB peHTpHOaH BXOPHT paa aOnOJIHHTeJIbHbIX CTpyKTyp. 
Ot A - M H K p O T p y 6 O L I K M OTXOpflT TaK Ha3bIBaeMbie “pyHKH”, BblpOCTbl, OPHH H3 
KOTOpbix (BHemHHH) HanpaBJieH k C- m n k p ot py 6 o h kc coceaHero TpnnaeTa, a ppyroil 
(BHyTpeHHHil) - k peHTpy pnannapa. 

06mhho b HHTep(|)a3Hbix KJieTKax Bceraa npncyT CTByiOT aBe peHTpHoan, 
pacnoaaraioipHeca papoM apyr c apyroM, oopasya pynaeT pempHoaefi, nan 
amuiocoMy (pnc. 281). B pmiaocoMe pempnoaH paenoaaraiOTCfl noa npHMbiM yraoM 
no OTHomeHHio apyr k apyry. H 3 aByx pempHoaeii pa3anwaiOT “MaTepHHCKyK)” n 
“aonepmoK)”, npoaoabHaa ocb nocaeaHeii nepneHanxyaapHa npoaoabHon ocn 
MaTepHHCKon peHTpHoan. 06e pempnoaH cSanaceHbi cbohmh Konpaivin Tax, hto 
npoKCHMaabHbin xoHep aonepHeil pempnoaH xax 6bi cmotpht Ha noBepxHOCTb 
MaTepHHCxon. B ancTaabHOM ynacTxe MaTepnHCxon peHTpnoan pacnoaaraeTca 
aMOp(J)Hbin MaTepnaa b Bnae BbipocTOB nan mnop - 3to npnaaTxn . Hx hct Ha 
aoaepHeii pempnoaH (pnc. ). 

/JonepHaa peHTpHoab Hecxoabxo OTanaaeTca ot MaTepHHCxoii. U,eHTpaabHaa 
nacTb pnaHHapa peHTpHoan 3aHaTa CTpyxTypon, nanoivinnaiOLpen TeaeacHoe xoaeco; 
OHa HMeeT peHTpaabHyio “Biyaxy” pnaMeTpOM oxoao 25 hm h 9 cnnp, 
HanpaBaeHHbix no ophoh x A-MHxpOTpy6onxe xaacporo H3 TpHnaeTOB. Taxne 
CTpyxiypbi BHyTpH peHTpHoan pacnoao>xenbi b ophom H3 ee xohpob, 
npoxcHMaabHOM, hto peaaeT CTpoenne pnaHHapa peHTpHoan noaapHbiM. Ha 
ancTaabHOM xoHpe peHTpHoan BHyTpH ee HeT tbxhx CTpyxTyp. OSbeM, 3aHHMaeMbiii 
BHyTpH peHTpHoan BTyaxoii co cnnpaMH, MO>xeT cocTaBaaTb y pa3Hbix xaeTOx ot 3\4 
ao 1\5 aaHHbi peHTpHoan. Y HexoTOpbix bmhob BTyaxa OTcyTCTByeT nan 3aMeHeHa 
cxonaeHHeM aMOpcjmoro MaTepnaaa. Toppbi peHTpHoaapHoro pnaHHapa, xpOMe 
CHCTeMbi BTyaxH h cnnp Ha npoxcHMaabHOM xoHpe, nnneivi He 3axpbiTbi. 
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CncTeMy MHKpOTpySoneK pempHOJiH oObihho onncbiBaiOT (])0pMy.ji0H 9 + 0, hjih 
(9x3) + 0, no^HepKHBaa OTcyrcTBHe m h k poT py 6oh e k b ee pempajibHOH nacTii. 

BoKpyr KajK^OH pempHOJiH pacnojiOTKeH 6e c ct py KTy p hbih, hjih 

TOHKOBOJIOKHHCTblH MaTpHKC. CaMH MHKpOTpySOHKH TpHnJieTOB nOrpy/KCIIbl B 
aMOp(|)HbiH MaTepnaji t.h. MycfiTbi hjih onpaBbi. Ecjih Bbiaeaemibie pempHOJiH 
o6pa6oTaTb 0,6M pacTBOpOM NaCl, to npoHSOH^eT nojiHan 3KCTpaKii,ini 
MHKpOTpySoneK, ho pempHOJib Kax TaKOBan He pacTBOpHTCn: bmccto Hee ocTaHeTCii 
PHJiHHflpHHecKafl CTpyKiypa, HMeiomaa jjeBUTb nojibix OTBepCTHH, neKoraa 
3aHHMaBHIHXCM TpHnJieTaMH MHKpOTpySOHeK. IIOTTOMy BCe CXeMbI U,eHTpHOJieH B 
3TOH KHHTe, KaK H BO MHOTHX flpyTHX 3HaHHTeJIbHO ynpOHjeHbl H He BKJHOHaiOT 
MaTepnaji My(J)Tbi peHTpHOJinpHoro mbinnapa. 

MacTO okojio peHTpHOJieH h b cbji3h c hhm motkho o6napy>KHTb HecKOJibKO 
^onojiHHTejibHbix CTpyKiyp : caTejuiHTbi, (J)OKycbi cxo'/xaeinui m h KpoT py 6ohc k, 

HCHepHemibie BOJiOKHHCTbie KOpeniKH, ^onojiHHTejibHbie m h k p ot p y 6 oh k m , 

o6pa3yK)HiHe ocoSyio 30Hy - peHTpoccjiepy BOKpyr pempHOJiH (pnc. 282). 

IIpH HCcaeaoBaniiH b sjieKTpOHHOM MHKpocKone iniTepcjiaBiibix peHTpHOJieH 
6biJio Han^eHO, hto jiynncToe CHUHHe peHTpoccjiepbi, o6Hapy)KHBaeMoe b cbctobom 
MHKpocKone, npeflCTaBJiaeT co6oh Sojibmoe hhcjio MHKpOTpySoneK, pa^najibHO 
paCXOaHUIHXCH OT 30HBI flHnJIO COMBI. B flHnJIOCOMe JIHHIb oana H3 U,eHTpHOJieil, 
MaTepHHCKaa, coaep'/KiiT paa aonoamiTeabiibix CTpyKTyp . Ojoim h3 hhx, 
nepHHeHTpHOJi^pHbie caTejuiHTbi . coctout h3 HMeioiHeii TOHKoe (})H6pHJijnipHoe 
CTpOeHHe KOHyCOBHflHOH H05KKH, paCnOJIOTKeHHOH Ha CTeHKe peHTpHOJIH, H TOJIOBKH, 
3aKaHHHBaK)HieHca Ha stoh no'/KKe. Hotkkh caTejuiHTOB nacTO hmciot nonepewnyio 
HCHepHeHHOCTb (pHC. 284). KoJIHHeCTBO TaKHX nepHU,eHTpHOJIMpHbIX CaTeJIJIHTOB 
HenocTOflHHO, ohh MoryT pacnojiaraTbca Ha pa3Hbix ypOBHux no fljiHHe pempHOJiH. 
KpOMe 3thx CTpyKTyp paaoxi c ^muiocoMOH, ho He CBaaannbie c Hen CTpyicrypHO, 
MoryT paenoaaraTBCH njiOTHbie MejiKHe (20-40 hm) Tejibpa, k KOTOpbiM noaxoaaT 
OflHa hjih HecKOJibKO MHKpOTpySoneK ( (jjQKYCbi cxo/Kjemia m h k p ot p v 6 o h e k ) . 
M M K p OT p y 6 O H K II OTXOflOT H OT TOJIOBOK CaTeJIJIHTOB. 3 tH U,eHTpOCOMHbie 
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MHKpOTpySOHKH He OTXOflflT HenOCpeflCTBCHHO OT MHKpOTpySoneK U,HJlHHflpOB 
peHTpHOJieii, a CBaaanbi hjih c caTeajiHTaMH, hjih c MaTpHKCOM. TaKHe 
MHKpOTpySoHKH h o6pa3yK)T KaK 6bi ayHHCTyK) ccjiepy (uenTpoccjiepy) BOKpyr 
peHTpHOJiH, rae (-)-kohu,bi MT CBaianbi c U,OMT, a (+)-KOHu,bi paanajibno 
pacxoflaTca Ha nepncjiepHio kjictkh. IIpH o6pa30BaHHH peiiTpoccjiepbi b HHTep(J)a3HOH 
KJieTKe tojibko cneu,HajibHbie CTpyKTypbi pempHOJiH, caTejuiHTbi h MaTpHKC, xaKHM- 
to o6pa30M CBasanbi c o6pa30BaHHeM MHKpOTpySoneK; m m k p ot p y 6 o h k m cbmhx 
u,eHTpHOJieii b 3tom npopecce He ynacTByiOT. Bbijio HaiiaeHO, hto BOCCTaHOBJieHHe 
npHpeHTpHOJiapHbix m m KpoTpy 6 oh e k no cue hx ae n oji n m e p m 3a u n n Ha xojioay 
npoHCxo^HT 3a chct noaBJieHHa hobbix m h k p ot py 6 o h e k , OTxoaamux ot tojiobok 
CaTeJIJIHTOB. TaKHM o6pa30M, M05KH0 CHHTaTb, HTO 3TH ^OnOJIHHTeJlbHbie CTpyKTypbi 
HBJHHOTCH peHTpaMH, Ha KOTOpbIX npOHCXOflHT cSopKa M M KpOTpySOHCK H3 TySyJIHHOB 
( peHTpbi opraHH3au,HH MHKpOTpySoneK - U,OMT). 

Xhmhh H,eHTpHOJieii Miyiena cjia6o, noTOMy hto eme He pa3pa6oTaHbi MeToani 
nojiyneHmi stoh CTpyKTypbi b Biiae hhctoh (JipaKii,HH. TpyanocTii 6 m ox n m m h e c ko ro 
H3yHeHHa peHTpHOJieii CBaianbi e TeM, hto sto oannoHnaa KJieTOHHaa CTpyKTypa, 
HMeiomaa o6beM Bcero 0, 03 mkm 3 . ^jiji cpaBHeima, bchomhhm, hto b KJieTKe 
HMeeTca: okojio tbichhh HiTyK MiiTOxonapnii, okojio MHJuiHOHa pnoocoM, okojio 
COTHH XpOMOCOM, OKOJIO 1 MM 2 MeM6paH. 

EeTb Bee OCHOBaHHH TOBOpHTb O TOM, HTO B COCTaB MHKpOTpySOHeK H,eHTpHOJieiI 
BxoflHT TySyjiHHbi. 3to flOKa3biBaeTca TeM, hto kojixhu,hh npeKpamaeT pocT 
MHKpOTpySoneK B npOpeHTpHOJiaX, B03HHKai0mHX b6jIH3H MaTepHHCKOH peHTpHOJIH. 
n p ea n 0J10/K6 1 III H O B03M07KH0H XHMHHeCKOH npHpOae OCTaJIbHbIX 3JieMeHTOB 
peHTpHOJiH ocHOBaHbi TJiaBHbiM o6pa30M Ha aamibix, nojiyneHHbix H3 xhmhh 
peCHHHeK H '/KryTHKOB, HMeiOHIHX MHOTO CXOHHblX HepT CTpOeHHH C peHTpHOJIHMH. 

^.aniibie o xhmhhc ckom CTpoeHHH peHTpHOJieii nojiyHeHbi raaBHbiM o6pa30M c 
nOMOIHbK) HMMyHOXHMHHe CKHX M6TOHOB. B H30JIHp0BaHHbIX 6a3ajibHbix Tejibpax 
npocTeHHiero xiiaMHaoMonaabi oonapy>Keno 6ojiee 200 pa3JiHHHbix dcjikob, cpean 
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KOTOpBIX BBMBJieHBI HCTbipe BHpa TySyJIHHOB, B TOM HHCJie J - TySyJIHH, peHTpHH, 
nepHpeHTpHH, 6eaox p210 h mhothc ppyrne. 

B HHTep(J)a3HBIX KJieTKaX peHTpHOJIH OKaSBIBaiOTCH CBH3aiIBI C appOM H c 
apepnon MeMopanon. IIpH BBipeaeHHH apep n p a kt n h e c k h Bee peHTpHoan kjictok 
neneHH h ceae3eHKH Kpbic OKa3BiBaiOTca b ttoh (jDpaxpHH. CBa3B peHTpHoaen c 
appOM ocyipecTBaaeTca raaBHBiM o6pa30M npOMeacyron 1 1 bi m m (j)HJiaMeHTaMH. Ecjih 
acHBBie KJieTKH nopBepTHyTB ya bt p a u e n t p h (j ) y r h p o b a n h io , to peHTpHoan 

onycxaiOTca k pempoSeacHOMy noaiocy BMecTe c appaMH. 

U,eHTpOCOMHbIH PHKJI 

Ebiao oSHapyaceHO, hto CTpoeHHe h aKTHBHOCTB pempocoM MenaiOTCH b 
3aBHCHMOCTH ot nepnopa KaeTOHiioro pmcaa, b Teneime KOTOporo KJieTOHHBiH peiiTp 
npeTepneBaeT Toace pHKHHHecKHe H3MeHeHna (pnc. 283). 

H,eaecoo6pa3Hee HanaTB paccMOTpeHHe pHKHHHecKHx H3MeHeHHH b CTpyicrype 
peHTpocoM c MHT03a. HanHHaa c npo(J)a3Bi h KOHnaa TeaocJ)a30H, pempocoMBi hmciot 
cxopHoe CTpoetme, HecMOTpa Ha to, hto 3a BpeMa MHT03a nponcxopHT pap 
cyipecTBeHHBix KneTOHHBix nepecTpoeic: KOHpeHcapHa xpomocom, pa3pymeHHe 
apepHOH oSojiohkh, o6pa30BaHHe BepeTeHa peaeHHa, pacxoacpeHHe xpomocom. B 
MHT03e b KacTOHiiBix peHTpax (hx pBa, no op no My Ha xaacpBin noaioc khctkh) 
HaxopHTca no pminocoMe. Kaic noaaraeTca, ponepHaa pempnoab cbohm kohpom 
HanpaBaeHa Ha MaTepnHCKyio. MaTepHHCKaa peHTpHoan Ha Bcex CTapnax MHT03a 
OKpyaceHa poBoaBHO ninpoKOH (po 0,3 mkm) 30hoh tohkhx (fmOpnaa - 
peHTpnoaapHoe c|)H6pHaaapHoe raao (pnc. 279). Ot ttoto raao papnaabHO OTxopaT 
MHKpOTpySoHKH. BaacHO nopnepKHyTB, hto y ponepunx peHTpHoaen hh raao, hh 
OTxopaipnx ot peHTpHoaen MHKpOTpySoneK HeT. B tto BpeMa nponcxopHT 
(j)opMHpOBaHHe BepeTeHa m htothh e c ko to annapaTa, cocToaipero H3 m h k p ot py 6 o h e k . 
3Ta CTpyKTypa peHCTBHTeaBHO HMeeT (j)opMy BepeTeHa, rpe Ha KOHpax ero Ha 
noaiocax xaeTKH pacnoaaraiOTca pHnaocoMBi, OKpyaceHHBie papnaaBHBiMH 
MHKpOTpySoHKaMH (peiiTpoccjiepa). B paHHOM caynae MoacHO tobophtb o tom, hto 
30hbi pHnaocoM, KaeTOHHBie peHTpbi, aBaaKDTca peHTpaMH opraHH3apnH 
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(nojiHMepH3ai],HH) m m k p ot py 6 o h e k . B nonB3y stoto roBOpar caeayioipue (jiaKTBi; 
nocne Hcne3HOBeHHa MHKpOTpySoneK BepeTeHa h pempoccjiepBi, KOTOpBie 
npOHCXOaHT npH aeHCTBHH XOaOpa HJ1H KOaXHpHHa, HOBBie MHKpOTpySOHKH 
B03HHKaK)T TJiaBHBIM 06pa30M B paHOHe MaTepHHCKHX peHTpHOaefi, flHnJIOCOM, B 
KaacpOM H3 nOJIKDCOB KJieTKH. HHTepeCHO, HTO pOCT HOBBIX MHKpOTpySOHCK He CBH3aiI 
C MHKpOTpySOHKaMH TpHnJieTOB peHTpHOJI^pHOrO PHJIHHflpa, OHH IiaHHIiaiOT 
OTpaCTaTB OT 30HBI TaJIO, paCnOJIO>KeHHOH Ha MaTepHHCKOH peHTpHOJIH. BaaCHO 
OTMeTHTB, HTO B 3TO BpeMfl Ha MaTepHHCKHX peHTpHOHHX (KaK H Ha pOHepHHX) HCT 
CaTeJIJIHTOB, H B 3TO ace BpeMfl H,HTOnJia3Ma TepaeT M M KpOTpySOH KH : MHKpOTpySOHKH 
u,HTonjia3MBi pa36npaiOTCH, a nyji ocbooohhbuihxch TySyjiHHOBBix MOHOMepOB hhct 
Ha o6pa30BaHHe m m k p o t p y 6 o h e k BepeTeHa h pempoccjiepBi, KOTOpBie oopaayiOTca Ha 
cJmSpHanapHOM rano, KaK Ha LJOMT. 3tot npouecc nojiHMepH3au,HH m m t o t m h e c k m x 
MHKpOTpySoneK OTpaacaeT nepByK) cjiopMy aKTHBHOCTH pempHonapHoro annapaTa 
(pHC. ). Ecjih b npocj)a3e oSaywHTB pempHOHB na3epHBiM m h k p on y h e m , to 
o6pa30BaHHe BepeTeHa ocTaHaBnHBaeTca. 

ITpHMepHO cxopHoe CTpoeHne hmciot KJieTOHHBie pempBi Ha Bcex CTapnax 
MHT03a, ho k Tenoc|)a3e TonipHHa cjiHSpHnnapHoro rano yMeHBHiaeTca. 

K KOHpy Teno(j)a3Bi, Korpa npoH3omjio pa3peneHHe kjictkh HapBoe, a 
xpOMOCOMBi HanajiH pe ko npe nc h poBaTBca h o6pa30BBiBaTB HOBBie HHTep(J)a3HBie 
appa, nponcxopm pa3pymeHHe BepeTeHa penemia, ero mm KpoTpySow km 
penonHMeproyiOTca. KjieTOHHBie pempBi npn stom MenaiOT cboio CTpyKTypy. 
MaTepHHCKaa h ponepHaa pempHonH TepaiOT B3aHMHO nepneHpHKynapHoe 
pacnonoaceHHe h OTxopaT ppyr ot ppyra Ha HeSojiBmne (0,5-2mkm) paccToaHHa, ho 
Bee ace pepacaTca b ophom MecTe. BoKpyr MaTepHHCKOH pempHonH raao h 
MHKpOTpySOHKH He BBIUBHinOTCH. B 3TO BpeMfl MHKpOTpySOHCK B U,HTOnaa3Me TaK/KC 
npaKTHHeCKH HeT. 

B Haaaae Gi-nepnopa Ha noBepxHOCTH MaTepHHCKOH pempHonH B03HHKaK)T 
caTeaaHTBi, MMeioipue Hoacicy h roaoBKy, ot KOTOpoii papnaaBHO otxopht 
MHK pOTpySOHKH, KOTOpBie HaHHHaiOT paCTH B pnHHy H laMOHMHTB C 060 H pHTOnaa3My 
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(pHC. 284a). CjieaoBaTejiBHO, BTOpaa (J)opMa aKTHBHOCTH xjieTOHHoro pempa - 
o6pa30BaHHe p n t o n a a 3 m bt m h e c k m x m h k p o t p y 6 o h e k b MiiTepcjDasnbix KJieTKax. Hapo 
nopnepxHyTb, hto axTHBHoii 3pecb aBJiaeTca tojibxo MarepHHexaa pempnojib, 
KOTOpyK) aerKO y3HaTb no npnpaTxaM b ee pncTajibHOH hbctm. 

EcJIH CHHTaTb KJieTOHHbie peHTpbl OCHOBHbIMH (eCJIH He eaHIICTBemiblMH) 
MecTaMH oopasoBanna n 11 to n a a3 m arane cxhx MnxpOTpySonex, to o6ipee xojnraecTBO 
nocaepunx pojitxho obitb pbbho nncny MnxpOTpySonex, otxophiphx ot pempHOJieH. 
npn HCCJieaOBBHHH B 3JieXTpOHHOM MHKpOCKOne OKa3aJIOCb, HTO OT XJieTOHHbIX 
peHTpOB b HHTep(|)a3e otxopht Bcero Jinnib Hecxojibxo pcchtkob MnxpOTpySonex, a b 
u,HTonjia3Me nx Tax mhoto, hto c noMOipbio HMMyHOcfmyopecpeHTHoro MCTopa nx 
TpypHO nopcHHTaTb. 3to paeT ocHOBaHne npepnojiaraTb, hto no Mepe pocTa 
MHKpOTpySoneK nacTb H3 hhx TepaeT cbb3b c oSnacTbio peHTpHonen n motxct 
naxopHTbca b pHTonna3Me non roe Bpexia. IJempocoMbi >xe nnpypnpyiOT 
nojiHMepH3apnK) hobbix MHKpOTpySoneK, KOTOpbie npnxopaT Ha CMeHy nocTeneHHO 
penojiHMepH3yK)ipHMca CTapbiM. BepoaTHO, b pHTonna3Me ecTb HecKOJibKO 
reHepapnii MHxpOTpySonex: “cTapbie”, He CBa3aHHbie c KJieTOHHbiM peHTpOM, h 
HOBbie, pacTyipne ot peHTpocoM. TaxHM o6pa30M, b xneTxe nponcxopHT xax 6bi 
xonBenepnaa CMeHa h penpopyxpna p 11 to n a as m bt h h e c k h x MHxpOTpySonex. 

Ecjih xjieTxaM 3anpeTHTb nepexopHTb b S-nepnop, ohh MoryT cyipecTBOBarb b 
(J)a3e xjieTOHHoro noxoa (Go-nepnop) (pnc. 285). B sto BpeMa MaTepHHexaa 
peHTpHOJib npopoa>xaeT (J)yHxpHOHHpOBaTb, xax peHTp oSpasoBanna m h k p o t p y 6 o h e k 
PHT oexejieTa. Ho opHOBpeMeHHO OHa motxct npoaBHTb eipe opHy (j)opMy bxthbho cth 
- o6pa30BaTb pecHHnxy , BbipocT n a as m bt m h e c ko h MCMopaiibi, sanoanemibiM 
axcoHeMoii (oceBOH hhtbio), cocToaipeii H3 peBara pySaeTOB MHxpOTpySonex. 3 th 
MHX pOTpySOHXH OTpBCTBIOT, XaX OT 3aTpaBOX, OT A- H B-MHXp0Tpy60HeX TpHnaeTOB 
MBTepHHCXOH peHTpHOJIH B pHCTaabHOH ee HBCTH. 3 t 0 - TpeTba (J)OpMa BXTHBHOCTH 
peHTpHOJieii xax peHTpOB opraHH3apHH MHxpOTpySonex (cm. HHace). 

npn HacTynaeHHH S-nepnopa (nan b cepepHHe ero) xaeTOHHbiH pemp 
npHCTynaeT x neTBepTOH (J)opMe CBoeii bxthbhocth: nponcxopHT ypBoeHHe nncaa 
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u,eHTpHOJieH. B sto BpeMa okojio xaacaoii H3 pa3omeaniHxca eme b xoHpe Tejio(|)a3Bi 
peHTpHOJieii, MaTepHHCKOH h aonepHeii, nponcxoaHT 3axjiaaxa hobbix 
peHTpHOJiapHBix u,HJiHHflpOB - npoueHTpHOneH fpHC. 2846). B paiiOHe 
npOKCHMajiBHBix KOimoB xaacaoii peHTpHOJiH nepneHflHKyaapHO ajihhhoh och 
3aKJiaflBiBaeTca cnawajia aeBaTB CHHTJieTOB (oahhohhbix) m h xpoTpy6onex, 3aTeM ohh 
npeo6pa3yiOTca b a^BaTB aynneTOB, a noTOM - b a^BaTB TpHnneTOB pacTyninx 
MHKpOTpySoneK HOBBIX Il,eHTpHOJiapHBIX LULlHIiapOB. 

3axnaaxa npopeHTpHOJieii npoHCxo^HT Ha npOKCHMajiBHBix xoHpax 
peHTpHoaeii; b stom MecTe pacTyT HOBBie noxojieHHa pempHOJieH, Toace c 
npoKCHMajiBHoro xoHpa. Bo BpeMa pocTa npopeHTpHOJieH 3aecB Moaoio bh^ctb 
peHTpajiBHyio “BTynxy” co cnHu,aMH. 

Enaroaapa TaxoMy pocTy CTpyxayp oopasyeTca CHanajia xopOTxaa aowepnaa 
peHTpHOJiB - npopeHTpHOJiB - xoTOpaa 3aTeM aopacTaeT ao pa3Mepa MaTepHHCxoii. 
3tot cnoco6 yBeaHHemia HHCJia peHTpHOJieii 6biji Ha3BaH aynjiHxapHeH. Baaoio 
OTMeTHTB, HTO pa3MHOaceHHe H,eHTpHOJieH He CBinaHO C HX fleJieHHeM, nOHKOBaHHeM 
hjih (|)parMeHTau,HeH, a nponcxoaHT nyTeM o6pa30Bamia 3anaTxa, npopeHTpHOJiH, 
b6jih3h h nepneHflHKyjiapHO k hcxo^hoh peHTpHOJiH. IIpaBaa, nocneaHee ycaoBHe 
coSnioaaeTca He bo Bcex oSbexTax, y HexoTOpBix oomhiictob npn aynJiHxapHH 
peHTpHOJiH npoHexoflHT CHanajia pacxoacaeHHe pempHOJieH, pocT BTyjixn, 3aTeM 
pocT MHxpOTpySonex b^ojib npoaojiaceHHa och hcxo^hoh pempHOJiH, h peHTpHOJiH 
pacnojiaraiOTca xoHeu, b xoHeu,. HHTepecHO, hto TpHnjieTBi b tbxhx hobbix 
peHTpHOJiax HMeiOT yron HaxjiOHa, n poT h bo n o a o>x n bi h TaxoBOMy b MaTepHHexoH 
peHTpHOJIH. 

cDaxT yuBoeHHa peHTpHOneii npHBen HexoTOpBix HCCJieaoBaTejieii x 
n pea n oh oacei i h i o , hto pempHOJiH, Tax ace xax MiiTOxonapnn h nnacTHabi, 
npunaaae'/xaT x c a m op eay n jih p ii p y i o hi h m c a xoMnoHeHTaM miTonaasMBi, xoTa 
npaMBix aamibix o HaaHHHH /)HK b cocTaBe peHTpHOJieii HeT. 
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B S-nepHO^e bo Bpeivoi yaBoeinui (flynjiHxapHH) H,empHOJieH MaTepHHexaa 
npo^oiDKaeT npoaBjuiTb BTOpyio (J)opMy aKTHBHOCTH: OHa npoflOJuxaeT 6bitb ueiiTpoM 
oopaaoBaiiHH n n t o n a as m aran e cxhx m n k p ot p y 6 oh e k . 

B pe3yjiBTaTe nponecca aynaHKamm okojio Ka>KaoH pempHOJiH BbipacTaeT 
no Baa /jonepnaa pempHOJib (nepBaa MaTepHHexaa ueiiTpuoab h /lOHepnaa Ha 
6 bib men nonepnen pempHOJiH MoryT cniiTaTbca KaK 6bi 6a6ymxoH h BnyHKoii). 
IIo3TOMy b KJieTKe nocjie 3aBepmeHHn S-nepno^a Haxofl^Tca y>xe flBe ^muiocoMbi (a 
Bcero HCTbipe pempHOJuipHbix munninpa) (pnc. 286). 

Ilocjie 3Toro HacTynaeT cjie^yiOHiHH nepHOfl xjictohhoto pHXJia, 
nocTCHHTeTHHecKHH (G 2 -nepHO,a), Kor^a b KJieTKe HanmiaeTCfl noflroTOBxa k 
oh open no iviy nenemno. B sto BpeMJi ncneaaiOT caTejuiHTbi Ha MaTCpHHCxoii 
annnocoMe (Tax motxho Ha3BaTb CTapyK) MaTepHHCKyK) nenTpnonb c hoboh 
flonepHeii), a o6e MaTepHHCKHe pempHOJiH b o6enx ^HmiocoMax noxpbreaiOTai 
(|)H6pHJiJiapHbiM rano, ot KOTOporo b npocfjaae nannnaiOT OTpacTaTb MnTOTnnecKne 
MHKpOTpySoHKH. napajuiejibHO 3TOMy b u,HTonjia3Me nponcxonoT ncneanoBenne 
MHKpOTpySoneK, h KJieTKa CTpeMHTCn npnoopecTn uiapoBnanyio (J)opMy. Bca Taxaa 
nocjieflOBaTejibHOCTb co6bithh noBTOpfleTCn ot u,HXJia k u,HXJiy y xneTOx, cnocoSHbix 
k fljiHTejibHOMy pa3MHO>KeHHK). B SojibiHHHCTBe cjiynaeB khctkii opraHH3Ma 
Haxo,zpiTCfl b Go-nepnone, nosTOMy y hhx neiiTpnonb ynacTByeT b nojiHMepH3au,HH 
U,HTOnJia3MaTHHeCKHX MHKpOTpySoneK H B o6pa30BaHHH peCHHHKH (HJIH MIIO'/KeCTBa 
pecHHneK). B nocjieflHeM cjiynae OHa bxoaht b cocTaB Tax Ha3biBaeMoro 6a3ajibHoro 
Tejibpa. 

06bihho b KJieTKy nocjie Henenna nona/unoT ana neiiTpnonapnbix nnnnnapa b 
cocTaBe annnocoMbi. B pa3JiHHHbix 3 k c n e p n m e n t a n b n b i x ycnoBnax motxho 
3anpeTHTb paaaenenne khctko nanBoe h nojiynoTb khctkii c yrBoennbiM hhcjiom 
xpOMOCOM (nojiHnjiOHflHbie xjictxh). CoBepmeHHO oneBHflHO, hto b tbkhx xneTxax 
SyneT h yuBoeHHoe hhcjio peHTpHOJieH. Kjictxh MoryT CHOBa BCTynaTb b xjieTOHHbiH 
u,hkji, npn 3tom oyneT yuBaHBaTbcn kbk KOJiHnecTBO ,ZJHK, Tax h hhcjio neiiTpnonen. 
Bbijio oonapy>xeno, hto y TCTpannonanbix (c neTbipexxpaTHbiM naSopoM xpomocom) 
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KJieTOK neneiiH b Go-nepnope b u,HTonjia3Me bhphbi He pBa, a neTbipe 
peHTpHOJiapHBix miHiinapa, a b noaiocax npn peaeinni tbkhx khctok 6bijio 
oonapy>Keno no pBe annaocoMbi b KaacpoM. AnaaoniHiiaa CHTyapHa BaMenena h y 
apynix noHiinaoiianbix kjictok (MeraKapHomiTbi KOCTHoro M03ra, noannaoManbie 
raSpH^Hbie kjictkh h pp.). B cbm3h c 3thm npepnonoacHHH, hto Meacpy hhcjiom 
nJlOHflHOCTH KJieTKH (HHCJIOM XpOMOCOMHbIX HaSopOB) H HHCJIOM U,eHTpHOJieH 
cymecTByeT npaMaa CBH3b. 

Hapymeinia pempHonapHoro u,HKJia Moryr Bbi3BaTb pan naTOJiorHHecKHx 
H3MeHeHHH KJieTOK, b nepByio onepepb noaBaeHHe MHoronojuocHbix mhto30b. TaK, 
npn HeiiCTBiiii (3 - m e p k a n t oi t a n o a a nponcxopHT 6a o baa a HOpMajibHoro MHT03a, npn 
3TOM HIimOCOMbl paCXOpaTCa Ha OT^eJIbHbie peHTpHOJIH. npH OTMbIBaHHH OT 3TOTO 
BemecTBa KJieTKa CHOBa npHCTynaeT k peaemiio, ho b stom caynae Kaacpaa 
peHTpHOJib aKTHBHpyeTca h o6pa3yeT nojuoc BepeTeHa. TaKHM o6pa30M, B03HHKai0T 
Tpex- hjih HeTbipexnojiiocHbie mhto3bi, npuBOHamne k HepaBHOMepHOMy 
pacnpeaeaeinno xpomocom Meacpy ponepHHMH KJieTKaMH. 3to b cboio onepepb 
npHBOflHT K H3MeHeHHIO HHCJia XpOMOCOM (aH3ynJIOHflHa), KOTOpOe HaCTO BbI3bIBaeT 
rn6ejib kjictkh. HHorpa npn o6pa30BaHHH MHoronojuocHbix mhto30b b HeKOTOpbix 
nojiiocax OTcyTCTByiOT peHTpHoan: b nojuoce pacnoaaraeTca tojibko (JmSpHaaapHbiH 
MaTepnaji pempocoMbi (SecpempHoaapHbie nojuoca). 

HTaK, b nopaBaaioipeM SojibiHHHCTBe khctok MJieKonHTaiOHiHx ueiiTpocoMbi 
ynacTByiOT b nojiHMepH3au,HH TySyjiHHOB h aBaaiOTca CTpyKTypaMH, iirpaiouHiMii 
pojib ueiiTpoB opraHH3au,HH m h KpoTpy 6oh e k. MnKpOTpySoHKH cbmhx pempHoaeii 
aBJiaiOTca 3aTpaBKaMH ana noaiiMepimpini TyoyannoB tohbko b ophom caynae - npn 
pocTe aKCOHeMbi pecHHHKH, Korpa peHTpnoab CTaHOBHTca 6a3aabHbiM TeabpeM. 3to 
BpeMeHHoe cocToaHHe: npn nepexope KJieTOK k peaeHHio pecHHHKH MoryT Hcne3aTb, 
a oaaaabiioe Tea me CHOBa MO>KeT BbinoaHaTb poab pempnoaH, yaacTBya b 
opraHH3au,HH pHTonaa3MaTHHecKHx m h k poT py 6oh e k nan m h k p ot p y 6 oh e k 

MHTOTHHecKoro BepeTeHa. ToabKO b sthx cayiaax ueiiTpaMii opraHH3apHH 
MHKpOTpySoneK aBaaiOTca He cbmh peHTpnoaapHbie pHaHHppbi, a 
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nepHueHTpHOJMpHMH MaTepHan (ronoBKa caTenaHTOB, o koji o pe i it p h ojhi p 1 1 bi h 
MaTpHKC, rano h T.p.). CnepoBaTejibHO, peHTpHOJib KaK TaKOByio Hymio 
paccMaTpHBaTB KaK opmi H3 KOMnoHeHTOB 6onee cjio>khoh CTpyKTypBi - KJieTOHHoro 
peHTpa hjih peHTpocoMti. 3Ta oroBOpKa CBH3aHa c TeM, hto y Bcex Bbicninx 
pacTeHHH 1J,0MT He copep>KHT peHTpHOJieH. Bojiee Toro, b paHHeM 3M6pHoreHe3e 
no3BOHOHHBix }khbothbix oopaiyiOTcn BepcTena penefflui, He MMeioupie peHTpHOJieH 
b nojiKDcax. IIo Been BepoiiTHOCTH b nocjiepHHx cjiynanx pempHOJiH B03HHKaK)T 
no35Ke 3aHOBO, a He o6pa3yiOTCfl nyTeM “penjiHKau,HH”. Bonpoc o npopecce 
o6pa30BaHH>i peHTpHOJieH pajiex ot pemeHHH. OcTaeTCfl HencHbiM npopecc 
no^BJieHHM npou,eHTpHOJieH. B npopecce 3M6pHoreHe3a OTMeneHbi cjiynan 
B03HHKH0BeHHa peHTpHOJieH de novo y Mopcxoro e>Ka, y mojijhockob, y MbirneH. Tax, 
b 3M6pnoreHe3e mbihih pempHOJiH noflBJHHOTCii tojibko nocjie 1-2 pejieHHH KJieTOK 
SjiacTyjiBi, necMOTpa Ha to, hto caMH KJieTOHHbie pejieiiiia npOHCxopuT HOpMajiBHO, 
3a HCKjnoneHHeM toto, hto b nojnocax pejieHHH b 30He deccTpyxrypHOH peHTpocoMbi 
U,eHTpHOJlH OTCyTCTByiOT. C flpyroil CTOpOHBI, eCJlH B COMaTHHeCKHX KJieTKaX 
KyjIBTypBI TKaHH yilHHTO'/KHTb peHTpOCOMy C U,eHTpHOJIbK) C nOMOLHbK) 
MHKpOOdjiyHeHHH, TO HOBbie peHTpHOJIH He B03HHKaK)T. 

Ea3ajibHbie Tejibua. CTpoeHHe h hbh^kchhc pecHHHeK h ^crvTHKOB. 

Kax y>xe yKa3biBanocb, y mhothx rjictok ^khbothbix, BbimepiHHx H3 KJieTOHHoro 
u,HKJia, b Go-CTa^HH peHTpHOJiH npHHHMaiOT ynacTne b o6pa30BaHHH annapaTa 
ABHJKeHHfl - pecHHHeK. Hx HBe rpynnbi: KHHeTOHHJiHH . xapaKTepiibie ana 

cneu,HajibHbix 3nHTejiHeB (pecHHHHbie anHTejiHH Tpaxen, nilpeBopoB) hjih cboSopho 
njiaBaioipHx kjictok (cnepMaT030Hpbi, npocTenniHe), h Tax Ha3biBaeMbie nepBHHHbie 
pecHHHKH . BCTpenaiomHecfl bo mhothx KJieTKax, He odjiapaioipHx enoeodHOCTbio k 
PBH>KeHHK). 

BHanajie paccMOTpHM CTpoeHHe KHHeTopHJieii - nopBHmibix pecHHHeK h 
JKTyTHKOB. B CBeTOBOM MHKpOCKOne 3TH CTpyKTypbl Blip II bl Kax TOHKHe BblpOCTbl 
KJieTKH, B HX OCHOBaHHH B U,HTOnJia3Me BH^Hbl XOpOHIO KpaCHiPHeCII MeJIKHe TpaHyjIbl 
- 6a3ajibHbie Tejibpa, aHajiorn peHTpHOJieH (pnc. 287). Kjictkh, HMeionpie pecHHHKH 


381 



HHH aCTyTHKH, oSjia/jaKDT CnOCOSHOCTLK) ABHraTBCa, SyayHH B CB 06 oaHOM COCTOaHHH, 
mim ace nepeMemaTB acnaicocTH b caynae, ecaH KaeTKH nenoaBHacnbi. 
C BO 6oa II O'/K M By HI H C OaHOKJieTOHHBie OpraHH3MBI, CIiaS'/Kemibie OailHM HHH 
HeCKOJIBKHMH aCTyTHKaMH, oSblHIIO flBHaCyTCB T 6 M KOHH.OM BIiepeH, KOTOpBIH HeCCT 
acryTHKH. Hhoh cnoco6 aBMaceima MoacHO BnaeTb y cnepMHeB HeKOTOpbix 
acHBOTHbix: /KryTHK, pacnoaaraacb caaan, ToaxaeT Tejio KaeTKH Bnepea. CicopocTb 
flBHaceHHa KJieTOK 3a CHCT paSOTbl '/KryTHKOB MO'/KCT aOCTIiraTb OHeilb SOHBIHOH 
BeHHHHHBI (flO 5 MM / mhh). 

MHO>xecTBeHHbie pecHHHKH Taicace MoryT o6ecnenHBaTb flBHaceHHe 
CBoSoaHoacHBymHx xaeTOK, TaxHx xax HH(j)y30pHH nan HexoTOpbie acryTHKOHoepbi. 
PecHHHKH 3nnTeaHaabHbix xaeTOK mho rax 6ecno3Bono L nibix h no3Bono L nibix 
aCHBOTHBIX OOeCneHHBaiOT nOTOK aCH^KOCTefi Baoab FIOBepXHOCTH TBKHX KaeTOK. 
Hhcho pecinmeK Ha xaeTKy MoaceT aocTiiraTb 300 b 3 n urea mm Tpaxen; y HH(j)y30pHH 
Ty(J)eabKH Ha xaeTKy mpmxohmtch 10-14 tbic. paaaMH pacnoaoaceHHbix peciniHeK. 

IIpH ABHaceHHH pecHHHex h acryTHKOB He nponcxoAHT yMeHbmeHHa hx aaHHbi, 
noaTOMy HenpaBHHbHO Ha3biBaTb sto flBHaceHHe coKpameHHeM. TpaeKTOpna 
ABHaceHHa pecmraeK oneHb pa3HOo6pa3Ha (pnc. 288). B pa3aHHHbix xaeTKax sto 
ABHaceHHe MoaceT 6bitb m a h t iim ko o 6 p a 3 i i b i m , Kp ioh KOoSpas 1 1 bi m , BOpomcoo6pa3HbiM 
nan BoaHOo6pa3HbiM. 

Y MHoropecHHHHbix xaeTOK (HH(j)y30pHH, KaeTKH pecHHHHoro anHTeana) 
ABHaceHHe pecmraeK He xaoTHHHO, a CTporo ynopaaoneHO. B stom cayaae pecHHHKH 
pacnoaoaceHbi paaaMH. B npoaoabiiOM paay OTaeabiibie pecHHHKH iiaHimaiOT 
ABHaceHHe h npoxoaaT OTaeabHbie ero (j)a3bi no oaepean, MeTaxpOHHO. B 
nonepeaHOM ace paay Bee pecHHHKH HaxoaaTca b oahoh (J)a3e flBHaceHHa 
(cHHxpOHHBi). 3to C03,naeT aBHacymyK) BoaHy no noBepxHOCTH KaeTKH (pnc. )289. 

06maa apxHTeKTypa pecHHHKH npeacTaBaeHa Ha pnc. 290, 291. PecHHHKa 
npeacTaBaaeT co6oh tohkhh miaHnapHnecKHH BbipocT u,HTonaa3Mbi c nocToamibiM 
anaMeTpOM 300 hm. 3tot BbipocT ot ocHOBaHna %o caMOH ero BepxyniKH noKpbiT 
naa3MaTHnecKOH MeMOpaHon. BHyrpH BbipocTa pacnoaoaceHa axcoHeMa . caoacHaa 
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CTpyKTypa, cocToamaa b ochobhom H3 m m KpoTpyOoaeK . Hm/Kmhh, npoKCHMaabHaa 
nacTb pecmiHKH, 6a3ajibHoe Teabue , norpyaceHa b ii,HTonna3My. ,Z],HaMeTpbi aKCOHeMbi 
h 6a3anbHoro Tenbpa oaHHaKOBbi (okojio 200 hm). 

Ha nonepennoM c cm cm mm pec i imh km bmhmt mh a3 m aT m h e c Kaa MCMopana, 
OKpyacaiomaa aKCOHeMy. AiccoHeMa b cbocm cocTaBe HMeeT aeBaTb ayOaeTOB 
MHKpOTpySoHeK, o6pa3yK)mHx BneLMinoio CTeHKy miaMnapa aKCOHeMbi. ^yOaeTbi 
MHKpOTpySoHeK caerica noBepHyTbi (okoho 10°) no OTHomeHnio k paanycy 
aKCOHeMbi. KpOMe nepncjiepHnecKHx ayOaeTOB MHKpOTpySoaeK b pempe aKCOHeMbi 
pacnoaaraeTca napa pempanbHbix m m k p o t p y 6 o h e k . B ueaoM cncTeMy 

MHKpOTpySoneK pecnMHKH onncbiBaiOT kbk (9x2)+2. B ayOaeTax m m k p ot p y 6 o h e k 
TaKace pa3annaiOT A - m m KpoTpy 6oh Ky, cocToamyio H3 13 cySbeaHnim, n B- 
MHKpOTpySonKy, nenoanyio, coaepacamyio 1 1 cySbeaMMim. A-m m KpoTpySow Ka HeceT 
Ha ce6e pvhkm . KOTOpbie nanpaBaenbi k B - m m KpoTpy 6oh kc coceanero aynaeTa. Ot 
A-MHKpOTpy6oHKH k peHTpy aKCOHeMbi OTxoaHT paanaabHaa CBaiKa, nan cnmia . 
o Ka n h m b a i o hi a a c a tohobkoh, npucoeaMnaiouieMca k pempaabHOH Mvc})Te . HMeiomeii 
anaMCTp OKoao 70 hm, ORpyacaiomei! aBe peHTpaabHbie m m K poTpyOon km . nocaeaHHe 
aeacar OTaeabHO apyr ot apyra Ha paccToaHHH OKoao 25 hm. TaKHM o6pa30M, b 
aKCOHeMe pacnoaaraeTca 20 npoaoabHbix MHKpOTpySoaeK, b to BpeMa KaK b 
6a3aabHOM Tenbpe hx 27 (pnc. 291, 292). 

Ba3aabHoe Teabii,e coctoht H3 9 TpHnaeTOB m m k p o t p y 6 o h e k (KaK h MCMTpiioab), 
HMeeT pynKH, BTyaxy h cnmjbi, pacnoaoaceHHbie b npoKCHMaabHoii (HHacHeii) ee 
aacTH. Ha yaacTKe 6a3aabHoro Teabpa, npHMbiKaiomeM k m a a3 m aT m nee ko m 
MCM opaoe, ecTb aecaTb npHaaTKOB, BbiCTynoB, nayuiMx ot Kaacaoro TpnnaeTa 
MHKpOTpySoaeK k Maas m aT m h e c ko m MCMopaoe h CBa3biBaioiHHx ero c khctohhoh 
nOBepXHOCTbK). 

Ea3aabHoe Teabu,e h aKCOHeMa CTpyKTypHO CBa3aHbi apyr c apyroM h 
cocTaBaaiOT eaHHoe peaoe: A- h B-MHKpOTpy6oHKH TpnnaeTOB 6a3aabHoro Teabu,a 
npoaoaacaiOTca bA-h B-m m KpoTpyOon Kax aynaeTOB aKCOHeMbi. OaHaKO BMyTpeMMiie 
aacTH aKCOHeMbi h 6a3aabHoro Teabpa snaHMTeabno othmhmbi apyr ot apyra. HacTO b 
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30He nepexoaa 6a3aabHoro Teaa b aKCOHeMy naoaioaaiOT aMOpcjmyio nonepeanyio 
ruiacTHHKy, koto pan KaK 6bi OTaeaaeT 3th hbc aacTH. LJeHTpaabHbie m h k p ot p y 6 o h k h 
aKCOHeMBI HaHHHaiOTCfl OT 3TOH IIJiaCTHHKH TaK ace, KaK B 3TOM MCCTe HaHHHaeTCfl H 
peHTpanBHaa Mycj)Ta (Kancyna) (pnc. 290). 

B OCHOBaHHH peCHHHeK H aCTyTHKOB HaCTO BCTpeaaiOTCa HCHepHenilbie 
KOpeiiiKH . hjih KiineToaecMbi, npeacTaBaaiounie co6oh nyaKH tohkhx (6 hm) 
(|)h6phjiji, oSaa/iaiomHx nonepeaHoi! HcaepaeHHOCTbio (pnc. 293). HacTO TaKHe 
ncaepaeHHbie KinieToaecivibi npocTupaiOTca ot 6a3ajiBHBix Teaeu, Bray 6b miTonaasMbi 
no HanpaBJieHHio k a,npy. Poab sthx CTpyKTyp He acHa. Ohh He H3MemnoTca npn 
^eiiCTBHH KoaxHpHHa, MoryT BCTpeaaTbca h b cocTaBe peHTpHoaeii HHTep(f)a3Hbix 
KaeTOK, He npHHHMaiomHx yaacraa b o6pa30BaHHH pecHHaeK. 

IIpH flBHaceHHH pecHHaeK He npoHCxoflHT H3MeHeHHa hx flaHHBi, ohh He 
“coKpamaiOTca”, a H3rn6aK)Tca, 6bK)Tca. OKa3aaocB, hto MexamraecKH OTfleaeHHBie 
pecHHHKH cnoco6HBi k SneHHK) b npHcyTCTBHH ATO. npn OT^eaeHHH pecHHaeK 
6a3aabHBie Teabua ocTaiOTca b Teae KaeTKH. 3to 03HaaaeT, hto aaa MexamiaecKOH 
pa6oTBi pecHHaeK 6a3aabHoe Teao He HyacHO, a tohbko aKCOHeMa yaacTByeT b 
reHepau,HH ^BHaceHna. Ynaaocb noKa3aTB, hto 3a ^BHaceHne pecHHaeK OTBeaaiOT 
“pyaKH”, cnaauiHe Ha A-MHKpOTpy6oHKax. npn 3KCTpaKu,HH KOMnoHeHTOB pyaeK 
pecHHHKH nepecTaKDT 6HTBca b npHcyTCTBHH ATO. 

Bbiao Han^eHO, hto b cocTaB pyaeK BxoflaT 6eaKH HHHeHHBi . 3to 6oabiHHe 
SeaKOBbie KOMnoHeHTbi, cocToamHe H3 9-12 noaHnenTH^Hbix peneii, coflepacamne 2- 
3 rao6yaapHbie roaoBKH, CBa3aHHbie b o6ihhh KOpemoK th6khmh xboctbmh (pnc. 
294). Kaac^aa roaoBKa ^HHenHa oSaa^aeT ATO-a3H0H aKTHBHOCTbK), KOTOpaa 
B03pacTaeT npHMepHO b 6 pa3 npn accou,Hau,HH c MHKpOTpySoaKaMH. B cocTaB 
Kaac^OH pyaKH bxohmt ohhii SeaKOBbiil KOMnaeKC, oana MoaeKyaa anaemia. TaK KaK 
3KCTpaKu,Ha pyaeK npeKpamaeT SneHne pecHHaeK, to MoacHO caHTaTb, aTO hmchho 
flHHeHH OTBeTCTBeHeH 3a 3to flBHaceHne, to ecTb flHHenH aBaaeTca motopom nan 
aBHraTeaeM npn 6neHHH pecHHaeK. Ho KaKOB MexaHH3M stoto aBHaremia? 
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3tot Bonpoc 6 biji pemeH npH ncnojiB30BaHnn BBipejieHHBix pecmmex, 
jiHmeHHBix nna3MaTHHecKOH MeMSpaHBi, papHajiBHBix cmm, h cbioox nocae 
HacTHHHoii o6pa6oTKH axcoHeM npOTea3aMH. OKa3ajiocb, hto Taxne aKCOHeMBi, 
coaep'/Kauuie HMiieiniOBBie pynxn, npn aoSaBaennn k hhm ATcp naiMnaiOT 
yBenHHHBaTBCM b fljiHHy noHTH p o aeBaTH pa3 h oanoBpeMenno yToniaiOTCH. B 
3JieKTpOHHOM MHKpOCKOIie BHflHO, HTO Taxail aKCOIICMa yB eJIHHHJiaC B B pjIHHy 3a CHCT 

CMemeHH^i nap m h k p ot p y 6 o h e k o/nia othochtcjibho flpyron (pnc. 295). ^pyrnMH 
cnoBaMH, npoH3onnio npopojiBHoe cxojiB5xeHHe pymieTOB ophh OTHOCHTejiBHO 
ppyroro, ananoniHiio TOMy, hto nponcxopHT npn coKpauiemin capKOMepOB b 
MBimpe: cxojiB>xeHHe mho3hhobbix hhtch othochtcjibho axTHHOBBix. B cjiynae 
AHHeHHa noBTOpHBie phxjibi accou,Han,HH c cySBepHHHpaMH TySyjiHHa, h3mchchhh 
KOH(jiopMau,HH npn CBH3BiBaHHH AT9> h ero rappo-rnoe, BBi3BiBaiOT nepeMemeHHe 
TOJIOBOK BflOJIB MHKpOTpySOHKH OT (+)-KOHU,a K (-)-XOHIiy. IIpH 3TOM COCCflHHH 
AynjieT pBHraeTCii k BepxyniKe pecHHHKH. Korpa pecHHHKa copepmrr Bee 
KOMnOHeHTBI, H pynJieTBI M II KpOT py OOH C K CBH3aiIBI apyr C apyrOM H C peHTpaJIBHOH 
napoii MHKpOTpySoneK, TaKiie KOonepaTHBHBie CMeuiemia pynjieTOB m h xpoTpy6onex 
npHBOflHT He k ynjiHHeHHio pecHHHKH, a k ee H3rn6y (pnc. 296). Kax peryjinpyeTCH 
nocjieflOBaTejiBHoe nepeMemeHHe pymieTOB ophh othochtcjibho ppyroro, eme He 
HCHO. 

Poct pecHHneK, yzuiMiiemie MHxpOTpySonex hx aKConeM nponcxopHT Ha 
BepHIHHe peCHHHKH. CjieflOBaTeJIBHO, TaM JI0KaJIH30BaHBI (+)-KOHU,BI MHKpOTpySoneK. 

06pa30BaHne axcoHeMBi pecmiHex nponcxopHT 3a cneT pocTa A- h B- 
MHKpOTpySoneK peHTpHOJieii, KOTOpBie b stom cjiynae CTanoBUTCH 6a3ajiBHBiM 
TejiBpeM. B npocTenmeM cjiynae npn o6pa30BaHHH ophhohhbix pecmmex hjih Tax 
Ha3BiBaeMBix nepBHHHBix pecHHnex MaTepuncKaa peHTpHOJiB nopxopMT x 
njia3MaTHHecxoii MeMSpaHe cbohm pncTajiBHBiM TOppoM, CBH3BiBaeTCn c Hen cbohmh 
npnpaTxaMH. B sto BpeMH HanmiaeTCfl pocT MHxpOTpySonex Ha (+)- xoHpax A- h B- 
MHxpOTpySonex TpnnjieTOB. Bo3HHxaiOT peBHTB pySjieTOB MHxpOTpySonex 
axcoHeMBi, xoTOpBie, napaupiBaacB c (+)-xohu,ob Ha Bepxymxe axcoHeMBi xax 6 bi 
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BbroirHBaiOT n a a3 m aT h h e c xy i o MCMopany, oopasya BtipocT - pecHHHKy. JJpe 
peHTpaJIBHBie M II KpOTpyOOH KH B03HHKaK)T B CBH3II C IIJIOTHBIM BemeCTBOM, JIOKaillHM 
Ha rpaHHpe SbiBineii peHTpHOJiH h BbipocTa njia3MaTHHecxoH MeMSpaHbi (pnc. 290a). 

IIpH o6pa30BaHHH MHoropecHHHHBix KJieTOK npoHexoflHT MiioroHHcaennaH 
penjiHKapmi peHTpHOJieii h o6pa30BaHHe MHoroHHCJieHHbix peCHHHeK. 

B peCHHHHOM 3nHTeJlHH n03B0H0HHBIX MHOJKeCTBeHHBie 6a3aJIBHbie TeJIBU,a 
B03HHKaK)T BOKpyr Tax Ha3BIBaeMBIX JCHTepOCOM - aMOp(|)HbIX BJieKTpOHHOnJIOTHBIX 
CTpyKTyp pa3MepOM ot 60 no 700 hm, no nepHijiepHH KOTOpBix npoiicxoniiT 3aKJia^Ka 
MHO>xecTBeHHBix 3a L iaTKOB 6 a 3 ajiE.HE. 1 x Tejieu,. Boxpyr o^hoh neHTepo combi 
oopaayiOTca no necjmca iiobbix Oaaaabiibix Tejieu,. Ohh 3aTeM MiirpiipyiOT k 
njia3MaTHnecKOH MeMSpaHe h npHHHMaiOT ynacTHe b o6pa30BaHHH axcoHeM (pnc. 
298). 

HeoSxOflHMO OTMeTHTb, HTO KJieTKH C MIIO'/KCCTBOM peCHHHeK TCpHIOT 
cnocoSHOCTb k ^ejieHHK) h He MoryT bbixoahtb H3 Go-CTa^HH KJieTOHHoro u,HKJia. Ha 
CMeHy hm H3 anHTejiHajibHoro njiacTa npiixonaT CTBOJiOBbie 
n ea h (}) c|) e p e n mi p o b a n n b i e kjictkh, KOTOpbie MoryT ^ejiHTbca h naBaTb HOBbie 
nOKOJieHHM MHOrOpeCHHHHbIX KJieTOK. 

M II KpOT py 6 o l I KH aKCOIICMBI yCTOHHHBbl K JieHCTBIlIO KOJIXHU,HHa, HO npn pOCTe 
pecHHHKH kojixhu,hh nojiHOCTbio npexpamaeT BKHiOHeime hobmx MOJieKyji TySyjiHHa, 
HTO npHBOflHT K TOpMOJKeHHIO pOCTa peCHHHeK. 

BTopaa KaTeropHH pecHHHHbix kjictok - kjictkh c Tax Ha3biBaeMbiMH 
nepBHHHbIMH peCHHHKaMH . He oSjia^aiOHIHMH CnOCOSHOCTbK) K flBH>KeHHIO. 
npaKTHHeCKH Bee THnbI KJieTOK, 3a HCKJHOHeHHeM KJieTOK KpOBH, MbIHIU, H 
KHHieHHoro imiTejHiH, b Go-nepnone o6pa3yiOT nepBHHHbie pecHHHKH, KOTOpbie 
OTJIHHaiOTCH OT HaCTOHIHHX peCHHHeK, HJIH KHHOU,HJIHH, TeM, HTO OHH He HMeiOT napbl 
peHTpajibHbix MHKpOTpySoneK h He cnocoSHbi k ^BH>KeHHio. Ohh o6pa3yK>TCn b 
pe3yjibTaTe toto, hto an mo come iiohxohht k njia3MaTHHecKoii MCMopane h ot 
MaTepHHCKOH peHTpHOJIH HaHHHaeTCH pOCT aKCOHeMbI, HO 6e3 flByX U,eHTpaJIbHbIX 
MHKpOTpySoneK. Ecjih kjictkh KyjibTypbi (|)H6po6jiacTOB, oonanaiounix b Go-nepnone 
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TaKHMH peCIIMH KclMH, CTHMyjIHpOBaTB K ^6,16111110, TO IT II peCHHHKH MCHCiaiOT, a 
6a3ajiBHoe TeuBpe-peHTpHOJiB HanHHaeT cboh h,hkji KaK oSBiHHaa peHTpHOJiB b 
KJieTKax, enoeoSHBix k aejieHHio. 

<J>yHKu,HOHajiBHoe 3HaneHHe tthx nepBHHHBix pecHHHeK He ucho. Ho HHTepeoHO 
OTMeTHTB, HTO npH pa3BHTHH 6eH60pHBIX KJieTOK CCTHaTKH HX Hapy>KHBie CerM6IITBI 
najioneK h kojiSohck B03HHKaK)T CHanajia 3a cneT o6pa30BamM nepBHHHBix 
peeHHHeK. Bo3mo>kho, hto y HepepenTOpHBix KJieTOK, HMeioinHx TaKHe nepBHHHBie 
peeHHHKH, noejieflHHe BBinojimnoT cjiyHKiiHH BHeniHHx aHajnmTOpOB, hbjihiotcii xax 
6bi «aHTeHHaMH», Ha noBepxHOCTH KOTOpBix pepenTOpHBie MOJieKyjiBi 
njia3MaTHHeeK0H MCMopaiibi MoryT perneTpHpOBaTB MexaiiMHecKiie h xhmhh6Ckh6 
eHTHajiBi, nocTynaiomHe H3 BHeniHeii MOKKJieTOHHOH epe^Bi. 

^BHraTejibHbiH annapaT 6aKTepHH 

MHorne SaKTepHH cnocoSHBi k SbiCTpOMy ^bh^kchhio e noMom&io 
6Boeo6pa3HBix SaKTepHajiBHBix >KryTiiKOB hjih cjuiarejui. 

OcnoBiiaa cjiopivia HBH/Kemia oaKTepiiii - e noMOuibio >KryTHKa. >KryTHKH 
SaKTepHH npHHU,HnHaJIBHO OTJIHHHbl OT ’/KTyTHKOB ByKapHOTHHeCKHX KJieTOK. no 
HHOJiy ’/KTyTHKOB HX H6HHT Ha: MOHOTpHXH - 6 OflHHM ’/KTyTHKOM, nOJIHTpHXH - 6 
nyHKOM ’/KTyTHKOB, nepHTpHXH - 6 MH0/K6CTB0M ’/KTyTHKOB B pa3HBIX yHaCTKaX 

noBepxHOOTH (pne. 299). 

)KryTHKH SaKTepHH hmciot oneHB caomioe CTpoemie; ohh coctoht H3 Tpex 
06H0BHBIX HaCTeii: BH6UHHHI R JIHHHaH BOJIHHCTaH HHTB (COSCTBeiHIO ’/KTyTHK'), 

KpioHOK, 6a3ajiBHoe TejiBpe (pne. 300). 

>KryTHKOBaa hhtb noeTpoeHa H3 oe.iKa (J)jiarejuiHHa. Ero MOJieKyjuipHBiH Bee 
KOJieSjieTCH B 3aBHCHMOCTH OT BHfla SaKTepHH (40-60 TBIC.). rjIoSyJIHpHBie 
cy6BeflHHHu,Bi (J)jiarejuiHHa n oji h m e p niy iot c a b cnHpajiBHO 3aKpyneHHBie hhth Tax, 
hto oopaiyeTca TpyoiaTaa CTpyKTypa (He nyTaTB c m h k p ot py 6 o h K a m h ayxapHOT!) c 
^HaMeTpOM 12-25 hm, nojian H3HyTpH. 9>jiarejuiHHBi He cnocoSHBi k ^bh^kchhio. Ohh 
MoryT cnoHTaHHO n o a h m e p H3 o b ar bc h b hhth c hoctohhhbim rnaroM bojihbi, 
xapaKTepHBiM ana Kaacaoro Bnaa. B tkhbbix oaKTepnaabiiBix KJieTKax HapacTaHHe 
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5KryTHK0B npOHCXOflHT Ha HX flHCTaJIBHOM XOHH,e; BepOHTIIO, TpaHCnOpT (|)JiareJIJIHHOB 
npoHCxo^HT nepe3 noayK) cepeanny >KryTHKa. 

B6jih3h KJieTOHHOH noBepxHOCTH /KryTHKOBaa hhtb, (fmareaaa, nepexoanT k 
6oaee ninpoKOMy ynacTxy, Tax nasbiBaeMOMy KpiOHKy. Oh HMeeT nanny okojio 45 hm 
h coctoht H3 apyroro 6eaxa. 

BaKTepnajiBHoe 6a3aaBHoe TeaBpe He HMeeT HHnero o6mero c 6a3aaBHBiM 
TejiBpeM ayKapHOTHHecKOH KJieTKH (pHC. 290 6, b). Oho coctoht H3 CTepacHa, 
CBaaannoro c kpiohkom h neTBipex KOJieu, - aocKOB. ^Ba BepxHHx KOJiBpa ancxa, 
HMeKDHiHxca y rpaMOTp n pareaBH bix oaKTepnn, aoxaarooBaHBi b xaeTOHHOH CTeHKe: 
oaHO kojibu,o (L) norpyaceHO b annocaxapnanyio MCMopany, a BTOpoe (P) - b 
M ypeHHOBBiH cjioh. ^Ba apyrnx xoaxpa - SeaxoBBiH KOMnjieKC «S»-CTaTOp h 
«M»- pOTOp, ji0KajiH30BaHBi b n a a 3 m aT h h e c ko n MCMopane. K 3 to My KOMnjieKcy co 
CTOpOHBi nna3MaTHHecKOH MeMSpaHBi npHMBixaeT xoaBpeBOH paa SeaxoB Mot A h B. 

B 6a3ajiBH&ix Tea max rpaM noaoac nTea b ii bi x SaxTepHH HMeeTca tohbko ana 
HH5KHHX KOHBHa, CBa3aniIBIX C 11 3 33 M TT H H 6 C KO H MCMOpailOH. 

Ea3ajiBHBie Teaxpa BMecTe b xpioaxaMH MoacHO BBiaeaHTB, oxasaaocB, hto ohh 
coaep>KaT b cbocm cocTaBe oxoao 12 paaanmiBix ochkob. 

IIpHHu,Hn aBHaceHHa SaxTepnaaBHBix acrymxoB coBepmeHHO hhoh, neM y 
ayxapHOT. Ecan y ayxapHOT acrymxH aBHacyrca 3 a chct npoaojiBHoro cxoaBacenna 
aynaeTOB m n k p ot py 6 o h e k , to y oaKTepini nBnacenne acrymxoB nponcxoaHT 3 a chct 
B pameHHa 6a3aaBHoro Teaxpa (a hmchho «S»- h «M»- ancxoB) BOKpyr CBoeii och b 
njiocKOCTH naa3MaTHHecKOH MeMSpaHBi. 

3to obiho aoKaaano panoM KpacHBBix 3 kc nep n m e iito b . Tax, 3axpenaaa >x ry t n k n 
Ha noaaoacxe c noMOuiBio aiiTHTea x (Jjaareaanny, nccaeaoBaTean naSaionaan 
Bpauiemie SaxTepHH. Ebiho HaiiaeHO, hto MnoroHncaeiniBie MyTannn no 
(jiaareaaHHaM (H3MeHeHne H3rn6a hhth, «xypHaBOCTB» h t. a.) He cxa3BiBaiOTca Ha 
cnocoSnocTM xaeTOX x aBHaceHHio. MyTau,HH ace no SeaxaM 6a3aaBHoro xoMnaexca 
nacTO npHBoaaT x noTepe aBHaceHHa. 
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,Z],BH>KeHHe 6aKTepHanE.HE.ix ncryTHKOB He 3aBHCHT ot AT<1>, a ocy mecTBJiacT ch 
O jiaronapa TpaHCMeM6paHHOMy rpanneiiTy eiohob Bonopona Ha noBepxHOCTH 
nJEa3MaTHHeCKOH MCMSpaHBE. npH 3TOM npOHCXOflHT BpaEEieHHe M-flHCKa. 

B OKpynceHEHi M-nncKa Mot-6ejEKH cnocoOnbi k nepeHOcy hohob Bonopona H3 
n e p h mas m aT ei h e c ko ro npocTpaHCTBa b u,EiTonjEa3My ( 3 a onnn oSopOT nepenocHTca 
R O 1000 HOHOB BOflOpO^a). npH 3TOM npOHCXOflHT BpaEEICHHC ncryTHKa C OTpOMHOH 
CKOpOCTBEO, OT 5-100 06/ceK., HTO RSiQT B03M05KH0CTB OaKTepHaJEBHOH kjectkc 

nepeMeEuaTBcn Ha 25-100 mkm b ceKyHny. 

HacTb VII. MexaHH3Mbi KJieTOHHoro nejieHHH. 

Eiaea 24. MHTOTHqecKoe aeneHMe KJieTOK. Q6man opraHiisamiH MHT03a 

KaK nocTynHpyeT KncTOHiiaa Teopna, yBennHemie wncjia kjectok npoHCxo^HT 
IECKJEEOHHTeJEBHO 3a CH6T /jeJECHHEI HCXO^HOH KJEeTKH, npeflBapHTeJEBHO yUBOHBEUeH 

cboh reHeTHHecKHH MaTepnajE. 3to - raaBHoe coSbiteic b >kh3hh kjectkh KaK TaKOBoil, 
a HMeHHO 3aBepmeHEie BOcnpOH3BeneHHa ce6e nonoSHoro. Ben «HHTepcj)a3Haa» 
>kh3hb KJEeTOK HanpaBJEeHa Ha nonHoe ocyuiecTBnemie ecjectohhoto miKna, 
3aKaHHHBaEOEEieroca kjectohhbim ^ejEeHiieM. CaMO ace ^eneHEie kjectkh - npOEjecc 
HecnyHaHHBiH, CTporo reneTHwecKH ncTcpivi huh poBan n bi il , me b n o cje eno bbtcs b ii bi h 
p an BBECTpoeHa uenaa uenoHKa coSbeteih. 

KaK yace yKa3BiBanocB, nejiemie n p o Kap h ot m l i e c k h x kjectok npOTeKaeT 6e3 
KOH^eHCaEIEIEI XpOMOCOM, XOTH nOJl/KCII CyHICCTBOBaTB pan M CT a6on H H e C K H X 
npoEieccoB h, b nepByEO oaepenB, chhtc30b pana eneEi,H(j)HHecKHx Scjekob, 
yaacTByEOEEiHx b «npocTOM» nenemni SaKTepnanBHOH kjectkh nanBoe. 

,Z],ejEeHHe Bcex syKapHOTHHe ckhx kjectok CBa3aHO c KOHneHcau,HeH yn,BoeHHBEx 
(penJEEIEIEIpOBaHHBEX) XpOMOCOM, KOTOpBie npEI 06 pCTaE 0 T BHn nJEOTHBEX HHTHaTBEX 
CTpyKTyp. 3th iiHTHaTBie xpomocombe nepeHOcaTca b noHcpmie kjectkh cneunanBiiOH 
CTpyKTypoii - BepeTeHOM ne-reHHa. TaKoii TEin aeneinia syKapHOTHHe c khx kjectok - 
MEITQ3 (ot rpeH. mitos - hhth), hjeh KapHOKEiHe3. hjeh HenpaMoe nejEeHHe - aBJEaeTca 
enHHCTBeHHBIM nOJEHOE],eHHBIM CnOCOOOM yBeJEHHCHHa HHCna KJECTOK. npaMOe 
nejEeHiie kjectok hjeh bmhto3 nocTOBepHO onEicaHO tojebko npH neneHHEi 


389 


nojiHiiJiOHflHBix MaKpOHyKJieycoB unc^yaopnH, hx MHKpOHyKJieycBi aenaTca tojibko 
MHTOTHHeCKHM nyTCM. 

^eneHHe Bcex oyKapHOTHne ckhx kjictok CBinaHO c o6pa30BamieM 

cnepHanBHoro annapaTa KJieTomioro aejieHHa . IIpH yaBoeHHH kjictok npoHexoaaT 
flBa coobitmh: pacxo/Kaemie penjinu,npoBaHHBix xpomocom h pa3aejiemie kjictohhoto 
Tejia, miTOTOMHa . IlepBaa nacTB co6bithh y ayKapHOT ocymecTBJiaeTca c noMomBio 
TaK Ha3BiBaeMoro BepeTeHa aeJieHHa, cocToamero H3 MHKpOTpySoneK, a BTOpaa nacTB 
npOHCXOflHT 3a CHeT ynaCTIM aKT0-MH03HH0BBIX KOMIIJieKCOB, BBI3BIBaK)IIIHX 
o6pa30BaHHe nepeTancKH y kjictok jkhbothoto npoiicxo/Kaemia hjih 3a chct ynacTHa 
MHKpOTpySoHeK h aKTHHOBBix (J)HJiaMeHTOB b o6pa30BaHHH (jiparMonjiacTa, 
nepBHHHoii KaeTOHiioii neperopOflKH y kjictok pacTemiii. 

B o6pa30BaHHH BepeTeHa aeJieHHa y Bcex ByKapHOTHne c khx kjictok npHHHMaiOT 
ynacTHC asa poaa CTpyKryp: nojiapHBie Ten b Ha (nojiioca) BepeTeHa h khhctoxopbi 
XpOMOCOM. IIOJIMpHBie TeJIBU,a, HJIH peHTpOCOMBI, aBHHIOTCH H,eHTpaMH OpraHH3aU,HH 
(hjih HyKJieau,HH) MHKpOTpySoneK. Ot hhx cbohmh «+»-KOHu,aMH OTpacTaiOT 
MHKpOTpySoHKH, o6pa3yiOHiHe nyHKH, Tanymiieca k xpOMOCOMaM. Y kjictok 
5KHBOTHBIX U,eHTpOCOMBI BKJIIOHaiOT B CBOH COCTaB H U,eHTpHOJIH. Ho y MHOTHX 
ByKapHOT u,eHTpHOJieii HeT, a uenTpbi opraHH3au,HH MHKpOTpySoneK npHcyrcTByiOT b 
BH^e SeCCTpyKTypHBIX aMOp(J)HBIX 30H, OT KOTOpBIX OTXOaaT MHOTOHHCJieHHBie 
MHKpOTpySoHKH. Kax npaBHJio, npH opraHH3au,HH annapaTa aenemia yiacTByiOT hbc 
peHTpoeoMBi hjih flBa nonapHBix TejiBpa, naxonauHieca Ha n poT h bo n o a o>k n bi x 
KOHpax cjiokhoto, BepeTeHOo6pa3Horo Tejia, cocToamero H3 MHKpOTpySoneK. 
Btopoh CTpyKiypoii, xapaKTepHoii ana mhtoth wee koto aeneniia kjictok, 
CBa3BiBaiomeH MHKpOTpySonKH BepeTeHa c xpOMOCOMOH, aBnaiOTca KHHeTOxopBi . 
HMeHHO KHHeTOXOpBI, B 3 a II M On C il C T B y H C MHKpOTpySOHKaMH, OTBeTCTBeHHBI 3a 
nepeMemeHne xpomocom npn kjictohhom aeJieHHH. 

Bee 3th KOMnoHeHTBi, a hmchho, nonapHBie TejiBpa (peHTpocoMBi), 
MHKpOTpySoHKH BepeTeHa h khhctoxopbi xpomocom BCTpenaiOTca y Bcex 
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ayicapHOTHHecKHx kuctok, naHiinaa c .apouoKen h Koniaa m a e ko n n t a i o m n m h , h 
o6ecneHHBaK)T cjiokhbih npopecc pacxojK^eHHa penjiHpHpoBaHHbix xpomocom. 

Pa3JlHHHbie THIIbl MHT03a 3yKapHOT 

OnncaHHoe Bbime ^eneHHe kjictok jkhbothbix h pacTemiH - He eflHHCTBeHHaa 
(J)opMa HenpaMoro ^ejieHHa kjictok (pnc. 301 ). HanSo-ree npocToii ran MHT03a - 
njieBpoMHTQ3 . Oh b KaKOH-TO CTeneHH HanoMHHaeT OnHapHoe ^ejieHne 
npoKapHoranecKHx kjictok, y KOTOpbix HyKJieoHflbi nocjie penjiHKapHH ocTaiOTca 
CBH3aHHE>IMH C n 3 33 M TT H H C C KO H MCMOpailOH, KOTOpaa IiaHHIiaCT KaK 6bl paCTH MOKay 
TOHKaMH CBH3bIBaiIHJI ^HK H TCM CaMBIM KaK 6bl pa3HOCHT XpOMOCOMBI B pa3HBie 
ynacTKH kjictkh (o ^cjichhh npoKapnoT cm. rnoKe). nocjie ttoto npn o6pa30BaHHH 
KJieTOHHoii nepcTH/KKH Ka^K^aa H3 MOJieicyji ^HK okb/KCtch b hoboh oraeabiioii 
KJieTKe. 

KaK y>Ke roBOpHJiocb, xapaKTepHbiM a jiji .aejiemni ay KapHorane ckhx kjictok 
aBJineTca o6pa30BaHHe BepeTeHa, nocTpoeHHoro H3 MHKpOTpySoneK (pnc. 302 ). npn 
3aKpbiTOM njieBpOMHTQ3e (3aKpbiTbiM oh nasbiBacTCH noTOMy, hto pacxo/Knemie 
xpOMOCOM npoHexoflHT 6e3 HapymeHHa a^epHoii oSojiohkh) b KanecTBe peHTpOB 
opraHH3au,HH m h k p o t p y 6 o h e k (U,OMT) ynacrayiOT He pempHOJiH, a apynie 
CTpyKTypbi, naxoa^iuiHCCH Ha BHyrpeHHeH crapOHe aaepnoii MCMopaiibi. 3to TaK 
Ha3biBaeMbie nojiapHbie Tejibua neonpeaeaennoii MOpcjiojiorHH, ot KOTOpbix otxojiht 
MHKpOTpySoHKH. 3rax Tejieu, flBa, ohh pacxoaaTCH apyr ot npyra, He Tcpjni cbh3h c 
a^epHoii 060J10HKOH, h b pe3yjibTaTe ttoto o6pa3yiOTai ^Ba nojiyBepeTeHa, 
CBH3aHHbie c xpOMOCOMaMH. Becb npopecc o6pa30Bamni mhtothhcckoto annapaTa h 
pacxo/Kaeniia xpomocom nponcxojiHT b ttom cjiynae noji aaepnoii oSojiohkoh. TaKoii 
Tnn MHT03a BCTpeHaeTCn cpeflH npocTeHHiHx, oh HiHpOKO pacnpocTpaHeH y rpnOOB 
(XHTpHflHeBbie, 3HTOMHU,eTbI, £pO>K>KH, OOMHU,CTbI, aCKOMHH,CTbI, MHKCOMHU,CTbI H 
zip.). BcTpeiaiOTCH (jiopMbi nojiy3aKpbiToro njieBp0MHT03a, Korjia Ha nojuocax 
c(J)opMHpOBaHHoro BepeTeHa aaepnaa oSojionKa paspyuiaeTCH. 

,Z],pyroH (J)opMoii MHT03a nBJiaeTCn optomhto3 . B 3tom cjiynae U,OMT 
paenoaaraiOTCH b u,HTonjia3Me, c caMoro naiaaa hjict o6pa30Bamie He nojiyBepeTeH, 


391 



a flByxnojiKDCHoro BepeTeHa. CyuiecTByiOT TpH (J)opMBi opTOMHT03a: orapbiraiH 
(oObIHHblH MHT03), nOJIV3aKpbITbIH H 3ak|3bITbIH . IIpH nOJiy3aKpbITOM 0pT0MHT03e 
o6pa3yeTca SHCHMMeTpHHHoe BepeTeHO c noMombio pacnoaoaceHHbix b u,HTonjia3Me 
U,OMT, aaepHaa oSoaonKa coxpaHaeTca b TeneHHe Bcero MHT03a, 3 a HCKmoneHHeM 
noaapHbix 30H. B kanecTBe U,OMT 3aecb MoryT oSnapyacnBaTbca Maccbi 
rpaHyaapHoro MaTepnaaa hjih aaace pempHoaH. 3Ta (jiopMa MHT03a BCTpenaeTca y 
3eaeHbix Boaopocaeii, rperapHH, 6ypbix, KpacHbix Boaopocaeii, y HeKOTOpbix hh3hihx 
rpH6oB. IIpH 3aKpbiTOM opTOMHT03e noanocTbio coxpaHaeTca aaepHaa oooaonka, 
noa KOTOpoii o6pa3yeTca HacToamee BepeTeHO. M n KpoTpy 6oh k n (JiopMHpyiOTca b 
KapHonaa3Me, peace OTpacTaiOT ot BHyTpHaaepHoro U,OMT, He CBa3aHHoro (b 
OTHHHHe ot naeBp0MHT03a) c aaepnon oSoaonkon. Taxoro THna mhto3bi xapaKTepHbi 
ana aenenna MHxpoHyxneycoB HH(jiy30pHH, ho BCTpewaiOTca h y apyrnx 
npocTeHHiHx. IIpH OTKpbiTOM opTOMHT03e aaepHaa oooaonka noanocTbio 
pacnaaaeTca. 3tot ran aenenna xneTOX xapaKTepen ana acHBorabix oprami3MOB, 
HeKOTOpbix npOCTeHHIHX H KJieTOK BbICHIHX paCTeHHH. 3Ta (|)OpMa MHT03a B 

cbok) onepeab npeacTaBnena acTpanbHbiM h anacTpanbiibiM ranaMH (pnc. 303). 

H 3 3TOTO KpaTKOTO paCCMOTpeHHa BHAHO, HTO maBHOH OCOSeHHOCTbK) MHT03B 
BOoSme aBaaeTca B03HHKH0BeHHe CTpyxTyp BepeTeHa aeneHHa, o6pa3yiomeroca b 
CBa3H c pa3HOo6pa3HbiMH no CBoeMy CTpoeHHio U,OMT. 

Mopcjionorna mutothhcckoh (Jmrypbi 

Kax yace roBOpnaocb, m htothh e ck h h annapaT nanoonee noapoSno iisynei 1 y 
KJieTOK BbICHIHX paCTeHHH H aCHBOTHbIX. OcoSeHHO XOpOHIO OH SbIBaeT BblpaaceH Ha 
CTaann MCTacJiaibi MHT03a (pnc. 302). B acHBbix nan (JinkcnpoBainibix xaeTxax b 
MeTacJ)a3e b 3XBaTOpHanbHoii naocKoera xaeTKH pacnoaaraiOTca xpOMOCOMbi, ot 
KOTOpbix b npoTHBonoaoacHbix HanpaBaeHHax TaHyTca t.h. hhth BepeTeHa, 
cxoaamHeca Ha aByx pa3Hbix noaiocax MHToranecxoH cjwrypbi. Tax hto 
MHToranecKoe BepeTeHO - 3to coBOKynHOcra xpOMOCOM, noaiocoB h bohokoh. 
BoaoKHa BepeTeHa npeacTaBaaiOT co6oii oannoniibie MHxpOTpySonxH nan hx nynxH. 
HannuaiOTca MHxpOTpySonxH ot noaiocoB BepeTeHa h nacra H3 hhx HanpaBaaeTca k 
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u,eHTpOMepaM, rpe pacnono'/xeiibi KHHeTOxopbi xpomocom (KiineTOxopiibie 
MHKpOTpySoHKH), HacTb npoxopHT pajibine no HanpaBJieHnio k npoTHBononoxHOMy 
nojiKicy, ho no Hero He hoxohht - “MOKnomociibie m m k p ot p y 6 o h k m ” . KpOMe Toro ot 
non io cob otxohht rpynna pannanbiibix m n k p ot py 6 o h e k , oSpasya BOKpyr hhx Kax 6bi 
“jiynncToe cnaHHe” - sto acTpanbHbie m n xpoTpyOon kh . 

IIo o6ipen MOp(J)OJiorHH MHTOTHnecxHe (Jmrypbi pemiTCfl Ha pb a rana: 
acTpanbHbiH h aHacTpajibHbiH (pnc. 303). 

AcTpanbHbiH mn BepeTeHa (hjih KOHBepreHTHbrii) xapaxTepH3yeTcn TeM, hto ero 
nonioca npencTaBJieHbi HeSojibrnoii 30hoh, k xoTOpon cxopatca (xoHBeprHpyiOT) 
MHKpOTpySoHKH. OSbiHHO b noniocax acTpajibHbix BepeTeH pacnonaraiOTca 
peHTpocoMbi, conep>xaipHe peHTpHOJin. Xora H3BecTHbi cjiynan SecpeHTpHOJHipHbix 
acTpajibHbix mhto30b (npn Meno3e HexoTOpbix oecnosBonoHiibix). Ot nomocoB 
KpOMe Toro pacxonaTca papnanbiibie m n k poT py 6oh k n , He Bxomnpne b cocTaB 
BepeTeHa, a o6pa3yiomHe 3Be3pnaTbie 30hbi - pHTacTepbi. B penoM nee Taxon Tnn 
MHTOTHHecxoro BepeTeHa HanoMHHaeT exopee raHTenb (pnc. 303a). 

AHacTpajibHbiH Tnn mutothhcckoh (J)Hrypbi He HMeeT Ha noniocax piiTacTepoB. 
nonnpHbie oonacTii BepeTeHa 3peeb unipoKne, hx Ha3biBaK)T nonapiibiMM 
manoHKaMH, b hx cocTaB He bxopbt peHTpHOJin. BonoxHa BepeTeHa b pamiOM cnynae 
He OTxopnT ot onno in tohkh, a pacxonaTca hihpokhm (J)poiiTOM (nnBeprnpyiOT) ot 
Been 30hbi nojwpHbix manonex. 3tot Tnn BepeTeHa xapaxTepeH pun pejniipHxcfl 
KJieTOx BbicniHx pacTeHHH, xota HHorpa BCTpenaeTcn h y bbichihx jkhbothbix. Tax, 
HanpHMep, b paHHeM 3M6pnoreHe3e MJiexonHTaioipHx npn pejieHHH eo3peBamni 
oou,HTa h npn I h II pejieHHH 3htotbi HaSmopaiOTCfl OecpeHTpHOJinpHbie 
(pHBepreHTHbie) mhto3bi. Ho y>xe nan n nan c TpeTbero xneTonHoro nenenmn h bo Bcex 
nocnepyiOLpmx, kjictkh nennTcn npn ynacTHH acTpajibHbix BepeTeH, b noniocax 
xoTOpbix Bcerpa o6napy>KnBaiOTCfl pempHOJiH. 

B penoM nee pna Bcex (J)opM MHT03a ooupimh CTpyxTypaMH octtiotch 
XpOMOCOMbI C HX KHHeTOXOpaMH, nOJIBpHbie TeJIbpa (peHTpOCOMbl) H BOJIOKHa 
BepeTeHa. 
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IJeHTpOMepbl H KHHeTOXOpbl 

EJempoMepbi, KaK yaacTXH CBinbiBanHfl xpomocom c MHxpOTpyOoaxaMH, MoryT 
HMeTb paannanyio noxanroapHio no an one xpomocom. Tax BCTpeaaiOTca 
rojioneHTpnnecKHe uenTpoiviepbi, xoraa m h k p ot py 6 o h k h CBaibiBaiOTca no an one 
Been xpOMOCOMbi (HexoTOpbie HacexoMbie, neiviaTOHbi, HexoTOpbie pacaemin) n 
MQHoneHTpnnecKHe pempoMepbi, rae m h k poT py 6om k h CBananbi c xpOMOCOMaMH b 
oanoM yaacTxe (pnc. 304). MononeiiTpHaecKiie neiiTpoMepbi MoryT obitb 
TonenHbiMH (HanpnMep y HexoTOpbix noaxyioiHuxcH apo5X5xe0), Koraa k KHHeTOxopy 
noaxoanT Bcero jihuib oana m m xpoTpyOoa Ka, n 3QHaabHbiMH . rae k caoacHOMy 
KHHeTOxopy noaxoanT nynoK MHxpOTpyOoaex. HecMOTpa Ha pa3HOo6pa3ne 30H 
peHTpOMep, Bee ohh CBananbi co cjio>khoh CTpyKTypon xHHeTOxopa. MMeiomero 
npnHu,nnnajibHoe cxoacTBO CTpoeHna n 4)yHKu,HH y Bcex ayxapHOT. 

nponje Bcero CTpoeHne MOHon,eHTpnnecKoro KHHeTOxopa y xaeTOx nexapcxnx 
apoaoxeii (Saccharomyces cerevisiae). Oh CBioaH co cneu,naabHbiM yaacTxoM /I,HK 
Ha xpOMOCOMe (neHTpOMepHbiH nail CEN-aoxyc). 3tot yaacTOx coctoht H3 Tpex 
ojieMeHTOB ^HK: CDE I, CDE II, CDE III. HHTepecHO, hto nocjieaoBaTejibHOCTH 
HyKaeoTHaoB b CDE I h CDE III - oneiib KOHcepBaTHBHbi h cxoaHbi c TaxoBbiMH y 
ap030(])HJiJibi. YnacTOK CDE II - MoaceT Obitb pa3Hoii BeaHaHHbi, h oOorameH A-T 
napaMH. 3a cbhbb c m h xpoTpyOoa kbm h y S. cerevisia OTBeaaeT yaacTOX CDE III , 
B3aHMoaeHCTByiomHH c peabiM paaoM OeaxoB. 

3oHaabHbie ueiiTpoMepbi coctoht H3 MHoroxpaTHO noBTopaiouinxcH CEN- 
aoxycoB, ooorameniibix yaacTxaMH xoHCTHTyTHBHoro reTepoxpOMaTHHa, 
coaep'/xauiero caTeaaHTHyio /)HK, CBaiannyio c xnHeTOxopaMH . 

KHHeTOxopbi - cneu,HaabHbie OeaxoBbie CTpyxTypbi, OoabineH aacTbio 
pacnoaaraiomHeca b 30Hax pempoMep xpomocom (pnc. 304). KHHeTOxopbi ayarne 
iny Henri y bbichihx opraHH3MOB . KHHeTOxopbi - tto caoacHbie xoMnaexcbi, 
cocToaniHe H3 mhothx OeaxoB. MopcJioaorHaecxH ohh oaeHb cxoaHbi, hmciot 
oaHHaxoBoe CTpoeHne, HaaHHaa ot anaTOMOBbix Boaopocaeii, xoHaaa aeaoBexoM. 
KHHeTOxopbi npeacTaBaniOT coooin Tpexcaoimbie CTpyxrypbi (pnc. 305): BHyrpeHHHH 
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nJlOTHBIH CJIOH, npilMblKaiOLHIlH K TeJiy XpOMOCOMBI, CpeflHHH pBIXJIBIH CJIOH, H 
BHeniHHH njiOTHBiH cjioh. Ot BHeniHero cjioii otxopht MHOHcecTBO (j)H6pHJiJi, o6pa3yn 
T.H. (|)H6p03Hyi0 KOpOHy KHHeTOXOpa (pHC. 306). 

B o6meii (jiopMe khhctoxopbi hmciot bhp njiacTHHOK hjih phckob, aeacaipiix b 
30He nepBHHHoii nepeTH/KKii xpOMOCOMBi, b peHTpOMepe. Ha Kaacpyio xpOMampy 
(xpOMOCOMy) oobihiio npHxopHTCH no opnoMy KHHeTOxopy. Ho aHa(|)a3Bi khhctoxopbi 
H a Kaacpoii cecTpHHCKoii xpOMarape pacnoaaraiOTCH onno3HTHO, CBH3BiBaHCB 
KaHCpBIH CO CBOHM nyiKOlYl MHKpOTpySOHeK. y HeKOTOpBIX paCTeHHH KHHeTOXOp 
HMeeT bhp He njiacTHHOK, a noayccjiep. 

KHHeTOxopBi npepcTaBJiHiOT co 6 oii caoacHBie komhjickcbi, rpe KpOMe 
cnepHcjiHHecKOH ^HK ynacTBycT miio/KCCtbo KiineTOxopiiBix ochkob (CENP-Schkh) 
(pHC. 307). B ynacTKe pempoiviepBi xpomocombi nop TpexcaoiiHBiM khhctoxopom 
pacnoao'/Kcn yiacTOK reTepoxpOMaTHHa, ooorauiennoro a-caTejuiHTHoii ^HK. 3pecB 
ace 06 napy>KH bbctch pap ochkob : CENP-B, kotopbih CBH3BraaeTCH c a- ^)HK, 
MCAK - KHHe 3 HHO hopo6hbih 6 enoK h 6 ejiKH, OTBeTCTBeHHBie 3 a cnapHBaHne 
cecTpHHCKHx xpOMOCOM (Kore3HHBi). Bo BHyTpeHHeM cjioe KHHeTOxopa oSHapyaceH 
TaKHce p np SejiKOB: CENP-A, BapnaHT rncTOHa H 3 , kotopbih, BepOHTHO, CBH3BiBaeTCH 
c CDE II ynacTKOM /THK, CENP-G, CBH 3 BiBaiOHiHHCH c SejncaMH npepHoro MaTpHKca, 
KOHcepBaTHBHBin 6 ejiOK CENP-C, c HeH 3 BecTHoii noKa (J)yHKu,Heii. B cpepHeM 
Pbixjiom cjioe o 6 napy>Ken oca ok 3F3/2, kotopbih , BepOHTHO, KaK-TO perncTpHpyeT 
HaTHHceHne nyw kob m h k p o t p y 6 o h e k . 

Bo BHeniHeM miOTHOM caoe KHHeTOxopa o6napy>KenBi ochkh CENP-E h CENP- 
F, yHacTByiouHie b CBH3BiBaHHH m h k p o t p y 6 o h e k . KpOMe toto, 3pecB o6napy>KenBi 
ochkh ceMeiiCTBa u hto n a a3 m arane ckhx pHiiennoB. 

<J>yHKH,HOHaaBHaH poaB KHHeTOxopOB BaKaionaeTCH b CBH3BiBaHHH Meacpy co6oh 
cecTpHHCKHx xpOMarap, b 3aKpenaeHHH m h t o t h h e c k h x MHKpOTpySoaeK, b 
peryaHH,HH pa3BepHHeHHH xpOMOCOM H B C 06 CTBeHH 0 pBHHCeHHH xpOMOCOM BO BpeMH 
MHT03a npn yaacTHH MHKpOTpySoaeK. 
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K KHHeTOxopaM nopxopiiT m h k p ot py 6 o hkh , pacTymne ot noaiocoB, ot 
ueiiTpocoM. MHHHMauBHoe hx hhcjio y apo/K/KCH - opna m h KpoTpy6o L i Ka Ha Ka>Kayio 
xpOMOCOMy. y bbichihx pacTeHHH 3to hhcjio pocTHraeT 20-40. B nocjie^Hee BpeMH 
ypajiocB noKa3aTB, hto caovKiibie KHHeTOxopbi bbichihx opraHH3MOB npepcTaBjunoT 
co6oh CTpyKTypy, cocToamyio H3 noBTopniOLinixcfl cyOBeniimm, KajKpan H3 KOTOpBix 
CnOCOSHa o6pa30BBIBaTB CBH3H C MHKpOTpySOHKaMH (pHC. 308). IIo OflHOH H3 
Mopejieii CTpoeHHa pempoMepHoro ynacTKa xpomocombi (3hhkobckh, MeiiHe, 
EpHHKJiH, 1991) npepao/Keno, hto b miTepcjiaae Ha cnepHcjiHHecKHx ynacTKax /)HK 
pacnono>KeHBi cySBepumipBi KHHeTOxopa, copep/Kaupie Bee xapaicrepHBie ochkh. no 
Mepe KOHpeHcapHH xpomocom b npo(J)a3e sth cySBepHHHpBi rpynnHpyiOTCfl tbkhm 
o6pa30M, hto C03paeTCH 30Ha, oSoraipeHHan sthmh 6cjikobbimh KOMnjieKC bmh - 
KHHeTOXOp. 

KHHeTOxopBi, SejiKOBBie b 06 hi cm CTpyKTypBi, ypBaHBaiOTCH b S-nepnope, 
napajuiejiBHO yuBoeHHK) xpomocom. Ho hx 6cjikh npHcyTCTByiOT Ha xpOMOCOMax bo 
B cex nepHopax KJieTOHHoro pHKJia (Ta6. ). 

^HHaMHKa MHTQ3a 

Bo mhothx pa3penax paHHoil khhth mbi y>Ke KacajiHCB noBepeHHH pa3JiHHHBix 
KJieTOHHBIX KOMnOHeHTOB (xpOMOCOM, H^pBIHieK, HpepHOH 06OJIOHKH H Pp.) npH 
KJieTOHHOM pejieHHH. Ho BepHeMca KpaTKO k 3thm Ba>KHeHHiHM npopeccaM, hto6bi 
pa3o6paTBC3i b hhx y>Ke b pejiOM. 

y KJieTOK, BCTynHBHIHX B U.HKJ1 peJieHHH, (J)a3a COSCTBeHHO MHT03a, HenpHMOTO 
pejieHHH, 3aHHMaeT othochtcjibho KOpOTKoe Bpeivm, Bcero okojio 0,1 BpeMeHH 
KJieTOHHoro u,HKJia. Tax, y pejnnpHxcii kjictok MepHCTeMBi KOpHeii HHTep(J)a3a mojkct 
COCTaBJIHTB 16-30 H, a MHT03 3aHHMaTB BCCTO 1-3 H. TIhKH 3nHTeJlHaJIBHBIX KJieTOK 
KHHieHHHKa MBIHIH PJIHTCII OKOJIO 20-22h, Ha MHT03 5Ke npHXOpHTCH BCCTO 1 H. npH 
PpoSjieHHH HHpeKJieTOK BeCB KJieTOHHBIH nepnop, BKJHOHan MHT03, MOIKeT 6bitb 
MeHBine naca. 

npopecc MHTOTHHeCKOTO peJieHHH KJieTOK npHHHTO nOPpa3peJIHTB Ha HeCKOJIBKO 
ochobhbix (jia3: npocj)a3a, npOMeTa(|)a3a, MeTa(f)a3a, aHa(J)a3a, Tejioc})a3a (pnc. 309- 
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314). rpamm,Bi MOK^y sthmh (jia3aMH ycTanoBiiTb tohiio ohciib TpyzjHO, noTOMy hto 
caM mhto3 npeflCTaBJiaeT co6on HenpepbiBHbin npopecc n CMeHa (jia3 nponcxoflHT 
ohciib nocTeneHHo: omia hx hhx He3aMeTHO nepexo^HT b npyryio. EnmiCTBeiiiiaa 
(J)a3a, KOTOpaa HMeeT peanbHoe Hanajio, 3to aHa(J)a3a - Hanajio flBHJKemM xpomocom k 
nojiKDcaM. ^jiHTejibHOCTb OT^ejibHbix (j)a3 MHT03a paaaHHiia, HanSojiee KopoTKaa no 
BpeMeHH aHa(J)a3a (/ra6ji. ). 


^JIHTeJlbHOCTb ^)a 3 MHTQ 3 a 


OSbeRT 

npOflOJHKHTeJIbHOCTb (b MHH) 

npocfma 




Kjictkh CapKOMbI 
Hocn^a 

14 

31 

4 

21 

Kjictkh 

KyjibTypbi cejie3eHKH 
Mbinin 

20-35 

6-15 

8-14 

9-26 

Kjictkh 

ninocnepivia ropoxa 

40 

20 

12 

110 

Kjictkh 

3H^ocnepMa npnca 

40-65 

10-30 

12-22 

40-75 


OnpeflenaeTca Bpeivui OTrenbiibix c})a3 MHT03a Jiynme Bcero npn npHMOM 
HaSjnofleHHH 3a ^eneHneM jkhbbix rjictok b cnepnajibHbix xaMepax. 3Han BpeMn 
MHT03a, mo>kho paccwraTb fljiHTejibHOCTb OTflejibHbix (J)a3 no nponeiiTy nx 
BCTpenaeMOCTH cpe^n flejwmnxai rjictok. 

IIpo(|)a3a . y>Ke b kohu,c Go-nepno^a b rjictkc HannHaiOT nponcxo^HTb 
3HannTejibHbie nepecTpOHKH. Tohho onpe^ejinTb, Kor^a HacTynaeT npo(J)a3a 
HCB03M05KH0. JlyHLHMlYI KpHTepHCM flJIH HanaJia 3TOH (f)a3bl MHT03a MOIKCT CJiyiKHTb 
nouBJieHne b anpax HHTnaTbix CTpyKiyp - miitotiihcckmx xpomocom. 3T0My 
coObithio npeflinecTByeT noBbimeHne aKTHBHOCTH (J)oc(j)opnjia3, MOflH(|)nu,npyK)innx 
rncTOHbi, n, b nepByio onepe^b, rncTOH HI. B npo(J)a3e cecTpHHCKne xpOMaTH^bi 
CBH3aHbi flpyr c flpyroM 6ok o 6ok c noMombio 6ejiKOB-Kore3HHOB, KOTOpbie 
o6pa3yiOT 3th cbh3h eme b S-nepno^e, bo BpeMn yuBoeHna xpomocom. K no3flHen 
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npo(j)a3a CBa3t Meacpy eecTpHHCKHMH xpOMarapaMH coxpaHaeTca tojibko b 30He 
KHHeTOxopOB . B npo(j)a3HBix xpOMOCOMax yace mcbkho naSaiopaTB 3penBie 
KHHeTOXOpBI, KOTOpBie He MlVieiOT HHKaKHX CBJI36H C MHKp OTpy SOHKaMH . 

KoHpeHcaipia xpomocom b npo(J)a3HOM appe coBnapaeT c pe3KHM yMeHBmeHHeM 
TpaHCKpHnpHOHHOH aKTHBHOCTH XpOMBTHHa, KOTOpaa nOJIHOCTBK) HCH63aeT K 
cepepHHe npo(j)a3Bi. B CBa3H c napeHHeM CHHTe3a PHK h KOHpeHcapHeH xpOMaraHa 
npOHCXOpHT HHaKTHBaU,H3I H appBIHIKOBBIX reHOB. IIpH 3TOM OTpeJIBHBie 
(J)H6pHJIJlMpHOBie peHTpBI CHMBaiOTCH TaK, HTO npCBpaUiaiOTCH B appBIIHKO- 
oSpaayiounie yaacTKH xpomocom, b appBmiKOB&ie 0praHH3aT0pBi. EoaBinaa htctb 
appBIHIKOBBIX SeJIKOB pHCCOH,HHpyeT H B CBOSopHOM BHpe BCTpeaaeTCa B U,HTOnJia3Me 
KJieTKH HJ1H CB3I3BIBaeTC3I C nOBepXHOCTBK) XpOMOCOM. 

OpHOBpeMeHHO C 3THM npOHCXOpHT (J)OC(j)OpHJIHpOBaHHe papa SeJIKOB JiaMHHBI, 
apepHoii oSojiohkh, KOTOpaa pacnapaeTca. IIpH stom TepaeTca CBa3B apepHoi! 
oOohohkm c xpOMOCOMaMH. 3aTeM apepHaa oSoaowKa cfiparMeiiTiipyeTca Ha mchkhc 
B aicyoan, a nopOB&ie KOMnaeKCBi HCHe3aiOT. 

IlapaaaeaBHO sthm npoueccaM nponcxopHT ax™ Banna khctohiibix ueiiTpoB. B 
Haaajie npo(J)a3Bi pa36npaiOTca m h xpoTpy 6oh k h b miTonaa3Me h nawHiiaeTca oypiiBiH 
pocT MHoacecTBa acTpaaBHBix m h k p ot p y 6 oh e k BOKpyr Kaacpoii H3 ypBOHBHiHeca 
prniaocoM (pnc. 310). Ckopoctb pocTa MHKpOTpySoneK b npo(J)a3e noHTH b pBa pa3a 
B&IHie pOCTa HHTep(J)a3HBIX MHKpOTpySOHeK, HO JiaSHJIBHOCTB HX B 5-10 pa3 BBIHie 
u,HTonaa3MaTHHecKHx. Tax ecan BpeMa noayacH3HH m h k p ot p y 6 o h e k b miTonaasMe 
cocTaBJiaeT OKoao 5 mhh, to bo BpeMa nepBoii noaoBHHBi MHT03a - Bcero hhhib 15 
cexyHp. 3pecB eme b SoaBHiei! CTeneHH npoaBJiaeTca pmiaMHHecKaa 
HecTaSnaBHOCTB m h k p o t p y 6 o h e k . Bee m h xpoTpy 6oh k m , OTxopamne ot ueiiTpocoM, 
pacTyT Bnepep cbohmh (+)-KOHu,aMH. 

AxTHBHpOBaHHBie pempocoMBi - Sypymne noaioca BepeTeHa peaeHHa - 
HanHHaKDT pacxopHTBca ppyr ot ppyra Ha neKOTopoe paccToaHHe. Mexami3M t a koto 
npoc|)a3Horo pacxo/Kpemia noaiocoB aaKaionaeTca b caepyiomeM: nay nm e naBCTpeny 
ppyr ppyry a n t 11 n a p aa a e a b n b 1 e m h K poTpyOon kii B3aHMopeiiCTByiOT Meacpy co6oh, 
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HTO npHBOflHT K HX SoJIbHieH CTa6HJlH3aU,HH H paCTaJIKHBaHHK) nOJIKDCOB (pHC. 315). 
3to npoHexoflHT 3a chct BsaHMoaeilcTBua c m h K poTpySow kbm h aHiieiino-noaoonbix 
SejiKOB, KOTOpbie b pempajibHOH nacTH BepeTeHa BbiCTpaHBaiOT MemiojiiocHbie 
MHKpOTpySoHKH napannejiBHO flpyr flpyry. OanoBpeivienno c sthm npoaoa>KaeTCH hx 
nOJ!HMepH3aU,Ha H pOCT, KOTOpbie COnpOBO)KflaK)TCM OflHOBpeMeHHO c HX 
pacTajiKHBaHHeM b HanpaBJieHHH k noniocaM 3a cneT paSoTbi KHHe3HHO-noflo6Hbix 
SejiKOB (pHC. 316). B sto Bpeivw npn o6pa30BaHHH BepeTeHa MHKpOTpySoHKH c 
KHHeTOXOpaMH XpOMOCOM 6 LHC He CBH3aiIbI. 

B npo(J)a3e oanoBpeMenno c pa36opKoii u n t o n a a 3 m aT hh e c khx m h k p o t p y 6 o h e k 
npoHCxo^HT ae3opraiiH3amia 3 h a o n a as m aT m h e c ko ro peTHKyjiyMa (oh pacna^aeTca Ha 
MejiKHe BaxyoHH, ae'/Kauine no nepH(j)epHH kjictkh) h annapaTa Iojib,zpKH, KOTOpbiil 
TepaeT cbok) OKOJioaflepHyK) jiOKajnmpHK), pacna^aeTca Ha OT^ejibHbie 
flHKTHOCOMbi, 6e3 nopaflica pa36pocaHHbie b u,HTonjia3Me. 

npOMeTa(|)a3a . Ilocjie pa3pymeHHa a^epHOH oSojiohkh MHTOTHnecKHe 
xpOMOCOMbi 6e3 ocoSoro nopflflica ne>KaT b 30He SbiBinero a^pa. B npoMeTa(J)a3e 
HanHHaeTca hx ^BHJKeHHe h nepeMememie, KOTOpoe b kohchhom HTore npHBefleT k 
o6pa30BaHHK) 3KBaTOpHaJIbHOH XpOMOCOMHOH “nJiaCTHHKH”, k ynopafloneHHOMy 
pacnojio>KeHHK) xpomocom b peHTpajibHOH nacTH BepeTeHa y>Ke b MeTa(J)a3e. B 
npoMeTa(J)a3e Ha6jno,naeTCfl nocToaHHoe flBHJKeHne xpomocom hjih MeTaKHHe3, npn 
kotopom ohh to npHOjiH/KaiOTCH k noniocaM, to yxofl^T ot hhx k peHTpy BepeTeHa, 
noxa He 3aiiMyT cpeanee rioao/Kenne, xapaicrepHoe ^Jia MeTacJ)a3bi (Konrpeccua 

XpOMOCOM). 

B Hanajie npOMeTa(J)a3bi xpOMOCOMbi, jie>icamHe 6jiH>Ke k o^HOMy H3 nojnocoB 
o6pa3yiouieroca BepeTeHa, nawHiiaiOT ObiCTpo k HeMy npnoaM/KaTbCH. 3 to 
npoHCxo^HT He o^HOMOMeHTHO, ho 3aHHMaeT onpeflejieHHoe BpeMJi. Ebijio Han^eHO, 
HTO TaKOH nepBHHHblH aCHHXpOHHblH flpeH(J) XpOMOCOM K pa3HbIM nojnocaM 
npoHCxo^HT c noMonibK) MHKpOTpySoneK. Hcnojib3ya BH,neo-3JieKTpOHHoe ycHJieHne 
(|)a30Boro KOHTpacTa b cbctobom MHKpocKone, yaajiocb Ha jkhbbix KJieTKax 
naSaioaaTb, hto OTnenbiibie OTxoaauine ot noaiocoB m m k p o t p y 6 o h k m cjiynaHHO 
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flOCTHraiOT OflHOTO H3 KHHeTOXOpOB XpOMOCOMBI H CBa3BIBaiOTCa C HHM, 
“3aXBaTBIBaK)TCa” KHHeTOXOpOM. IloCJie 3TOTO npOHCXOflHT 6&ICTpOe, CO CKOpOCTBK) 
OKOJIO 25 MKM\mHH, CKOJIB>KeHHe XpOMOCOMBI BflOJIB MHKpOTpySOHKH nO 
HanpaBJieHHio k ee (-)-KOHiiy. 3to npiiBoanT k TOMy, hto xpOMOCOMa npiiOHii/KaeTca k 
nojuocy, ot KOTOporo nporoonuia it a m h KpoTpy6on Ka (pnc. 317). Baaoio otmcthtb, 
HTO KHHeTOXOpBI MOTyT KOHTaKTHpOBaTB C SOKOBOH IIOBepXHOCTBK) TaKHX 
MHKpOTpySoneK. Bo BpeMa t a koto nBii/Kemia xpomocombi m h KpoTpy 6oh k h He 
pa36HpaK)Tcn. BepOHTHee Bcero, hto 3a Taicoe SBicTpoe nepeMemeHHe xpomocom 
OTBenaeT motophbih SenoK, aHajiorHHHBiil ii,HTonjia3MaTHHecKOMy HHiieiiny, 
o6Hapy>KeHHOMy b KOpOHe KHHeTOXOpOB. 

B pe3yjiBTaTe t a koto nepBHHHoro npoMeTacjiaanoro HBii/Keniia xpomocombi 
OKa3BiBaiOTCH cjiynaHHBiM o6pa30M npH6jiH>KeHBi k nojuocaM BepeTeHa, rae 
npoflOJiacaeT npoHCxo^HTB o6pa30BaHHe hobbix MHKpOTpySoneK. OneBHflHO, hto neM 
Snnace k ueiiTpocoMe oyaeT naxoniiTBca xpomocomhbih KinieTOxop, tcm oyreT BBirne 
cjiynaiiHOCTB ero b 3 a h m on £ ii c t b m a c npyrriMii m m K poTpy6on ktim h . B stom cjiynae 
HOBBie, paCTymne (+)-KOHH,BI MHKpOTpySOHeK “3aXBaTBIBaiOTCa” 30H0H KOpOHBI 
KHHeTOxopa; TenepB c khhctoxopom OKa3BraaeTca CBaiamiBiM nynoK H3 
MHKpOTpySoneK, pOCT KOTOpBIX IipOHOH/KaeTCH Ha HX (+)-KOHU,e. npH pOCTe TaKOTO 
nynxa KHHeTOxop, a BMecTe c hhm h xpOMOCOMa, nojiaceH nepeMemaTBca k ueiiTpy 
BepeTeHa, ynanaTBca ot nomoca. Ho k 3TOMy BpeMeHH ot npoTHBonojioacHoro 
nojuoca ko BTOpOMy KHHeTOxopy npyroH cecTpHHCKoii xpOMaranBi nonpacTaiOT cboh 
MHKpOTpySOHKH, nyHOK KOTOpBIX HaHHHaeT THIiyTB XpOMOCOMy K 
npoTHBonojio>KHOMy nojuocy. HajiHHHe Taxon Tallymen chjibi noKa3BiBaeTca TeM , 
hto ecjiH na3epHBiM MHKpojiyHOM nepepe3aTB nynoK m h k poT py 6oh e k y onnoro H3 
KHHeTOXOpOB, to xpOMOCOMa HaHHHaeT flBHraTBCii k npoTHBononoacHOMy nojuocy 
(pnc. 318). B HOpMajiBHBix ace ycnoBnax xpOMOCOMa, coBepmaa HeSojiBHine 
nepeMemeHHa b CTOpOHy to onnoro, to npyroro noaioca, b peaynBTaTe nocTeneHHO 
3aHHMaeT cpeflHHHoe nojioaceHHe b BepeTeHe. B npopecce npoMeTa(jia3Horo flpeiicjia 
xpOMOCOM npoHCxo^HT yzpiHHeHHe, HapaniHBaHHe m h k poT py 6oh e k Ha (+)-KOHii,ax, 
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xorna KHHeTOxop ^bh/KCtch ot nojnoca, M pa36opKa , y ko p an H b a II h e M H K p OT py 6 O H e K 
T05Ke Ha (+)-KOHU,e, XOTfla CeCTpHHCXHH KHHeTOXOp flBH5XeTOI no HanpaBJieHHK) K 
nojiKDcy. 

3th nepeMeHHbie flBffixeHHa xpomocom to ayna, to cion a npiiBonuT k TOMy, hto 
OHH B KOHH,e XOHH.OB OXa3BIBaK)TCfl B 3XBaTOpe BepeTeHa H BBICTpaHBaiOTCfl B 
MeTa(J)a3HyK) njiacTHHKy (cm. pnc. 317). 

MeTa(|)a3a (pnc. 311). B MeTa(|)a3e, Tax>xe xax h b npyrnx (j)a3ax MHT03a, 
HecMOTpa Ha HeKOTOpyK) CTa6HJiH3au,Hio nyHKOB MHKpOTpySoneK, nponoH/xaeTCH hx 
nocTO^HHoe oShobjichhc 3a cneT c6opxn h pa36opKH TySyjiHHOB. Bo BpeMii 
MeTa(J)a3bi xpOMOCOMBi pacnonaraiOTai Tax, hto hx KHHeTOxopbi oSpameHBi k 
npoTHBonojio>KHBiM nomocaM. B 3to >Ke BpeMH nponcxoflHT nocTOHHHan nepeSopxa h 
MencnojiKDCHBix m h K poT py 6ohc k, hhcjio KOTOpBix b MCTa(j)a3e HOCTuraeT MaxcHMyMa. 
Ecjih Ha MeTac|)a3HyK) xneTxy nocMOTpeTb co CTOpOHbi nojnoca, to mo>xho bhhctb, 
hto xpomocombi pacnonaraiOTai Tax, hto hx pempoMepiiBie ynacTXH oSpameHBi x 
peHTpy BepeTeHa, a njienH - x nepHcjiepHH. Taxoe pacnojiojxeHHe xpomocom hocht 
H33BaHHe “MaTepHHCXOH 3Be3flBl” H XapaXTepHO flJIB XJieTOX 5XHBOTHBIX (pHC. 319). y 
pacTeHHH nacTO b MeTa(J)a3e xpomocombi Jioxar b 3XBaTOpHajiBHOH njiocxocTH 
BepeTeHa 6e3 CTpororo nopn^xa. 

K xoHpy MeTa(|)a3Bi 3aBepmaeTCH npopecc o6oco6jieHHH npyr ot npyra 
c e ctphhcxhx xpoMaTHH. Hx njienH ne>xaT napamiejiBHO npyr npyry, Me>xny hhmh 
xopomo BHHna hx pa3ne;nuomafl mejiB. IIocjieflHHM MecTOM, me xoHTaxT MC/xny 
xpOMaTH^aMH coxpanneTCfl, hbhhctch ueiiTpoMepa; bhjiotb ho caMoro xoHpa 
MeTa(J)a3Bi xpOMaranBi bo Bcex xpOMOCOMax octbiotch CBmamiBiMii b pempoMepHBix 
ynacTxax. 

AHac|)a3a HaHHHaeTCH BHe3anHO, hto xopomo mo>xho naSmonaTB npn ehtbhbhom 
HCCJienoBaHHH. AHa(J)a3a HaHHHaeTCH c pasBenmieHmi Bcex cpa3y xpomocom b 
peHTpOMepHBix ynacTxax. B sto BpeMH nponcxoniiT onnoBpeMennafl nerpanamm 
U,eHTpOMepHBIX XOre3HHOB, XOTOpBie CBH3BIBaJIH HO 3TOTO BpeMeHH CeCTpHHCXHe 
xpOMaTHHBi. Taxoe OHHOBpeMeHHoe OTneHemie xpOMaran no3BOjnieT nanaTB hx 
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CHHxpOHHoe pacxojKflemie. Xpomocombi Bee Bppyr TepaiOT pempoMepHBie cbh3kh h 
chhxpohho naHMiiaiOT yzjajuiTBCJi apyr ot apyra no HanpaBJieHHK) k 
npoTHBonojio>KHBiM nojnocaM BepeTeHa (pnc. 312, 320). CxopocTb pBHJKeHmi 
xpOMOCOM paBHOMepHaa, OHa MO>KeT pocraraTB 0,5-2 mkm/mhh. AHa(J)a3a - caiviafl 
KOpOTKaa CTa^na MHT03a (hcckojibko % ot Bcero BpeMeHn), ho 3a sto BpeMH 
nponcxo^HT pejibin pap coSbithh. DiaBHBiMH H3 hhx hbjhhotch cerperapna pByx 
HfleHTHHHBIX HaSopOB XpOMOCOM H TpaHCnOpT HX B npOTHBOnOJIOJKHBie KOHH.BI 
KJieTKH. 

IIpH flBH>KeHHH XpOMOCOM OHH MeHHIOT CBOK) OpHeHTaU,HK) H HaCTO npHHHMaiOT 
V-o6pa3HyK) (f)opMy. BepmnHa nx HanpaBJieHa b CTOpOHy noaiocoB neaemui, a nnenn 
Kax 6bi OTKHHyTBi k peHTpy BepeTeHa. Ecjih nepea aHa(J)a30H npoH3omeji pa3pBiB 
njiena xpomocombi, to bo BpeMa aHac})a3Bi oho He OyzjeT ynacTBOBaTB b pBH5KeHHH 
xpOMOCOM h ocTaHeTca b peHTpajiBHOH 30He. 3th HaSjuofleHHa noKa3ajiH, hto 
HMeHHO peHTpOMepHBiH ynacTOK BMecTe c KHHeTOxopOM OTBenaeT 3a pBH>KeHHe 
xpOMOCOM. Co3flaeTca BnenaTJieHHe, hto 3a pempoMepy xpOMOCOMa orraTHBaeTOi k 
nOJIKDCy. Y HeKOTOpBIX BBICHIHX paCTCHHH (o>KHKa) HeT BBIpa>KeHHOH peHTpOMepHOH 
neperajKKH, h BOJiOKHa BepeTeHa KOiiTaKTHpyiOT co mhothmh tohkpmh Ha 
nOBepXHOCTH xpOMOCOM (nOJlHU,eHTpHHeCKHe H TOJIOpeHTpHHeCKHe XpOMOCOMBl). B 
3tom cjiynae xpomocombi pacnojiaraiOTCH nonepex bojiokoh BepeTeHa. 

CoScTBeHHO pacxo)xpeHHe xpOMOCOM cjiaraeTCfl H3 pByx npopeccoB: 1- 

pacxo/xpemie xpOMOCOM 3a chct xinieTOxopiiBix nyn kob MHxpOTpySoHex, 2 - 
pacxojxpeHHe xpOMOCOM BMecTe c nojnocaMH 3a cneT ypjiHHeHHH mokhojiiochbix 
MHKpOTpySoneK. IlepBBiH H3 tthx npopeccoB hocht Ha3BaHHe “aHac|)a3a A”, BTOpoii 
- “aHacj)a3a B” (pnc. 320). 

Bo BpeMa aHa(J)a3Bi A, xorpa rpynnBi xpOMOCOM HanHHaiOT pBHraTBCii no 
HanpaBJieHHK) k nojnocaM, nponcxopHT yxopaHiiBamie KHHeTOxopHBix nyn kob 
MHKpOTpySoneK. Mo>kho 6bijio O/KiipaTB, hto b 3tom cjiynae pe n ojhi m e p m 3 a u n ji 
MHKpOTpySoneK poH/xna nponcxopHTB Ha hx (-)-xoHpax, xoimax 6jiH>xaHHiHx k 
nojiiocy. Opnaxo 6bijio poxasano, hto m m xpoTpyoon km peiiCTBHTejiBHO paaOiipaiOTCH, 
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HO SoJIBHiefi HaCTBK) (80%) C (+)-KOHU,OB, npHJIOKaiHHX K KHHeTOXOpaM. B 
3KcnepHMeHTe b vkubbic khctkii KyjiBTypBi TKami c noiviomBio MCToaa 
MHKpOHHBeKU,HH 6bIJ1 BBe^eH TySyJIHH, CBH3aHHBIH C (jwyOpOXpOMOM. 3t0 n03B0JHLJI0 
BHTajiBHO BHaeTB MHKpOTpySoHKH b cocTaBe BepeTena ^enemni. B Hanajie ana(j)a3Bi 
nynoK BepeTeHa o^hoh H3 xpomocom 6biji oSjiyneH cbctobbim MHKponyHOM 
npHMepHO nocepe^HHe Menc^y nojnocoM h xpomocomoh. IIpH TaKOM B03fleiiCTBHH 
Hcne3aeT (J)jiyopecu,eHu,Ha b oSjiyneHHOM MecTe. HaSjuofleHHa noxasajiH, hto 
oSjiyneHHBiH ynacTOK k noniocy He npHSmoKaeTCH, ho xpOMOCOMa ^ocTHraeT ero 
npn yxopaHHBaHHH KHHeTOxopHoro nynxa (pnc. 321). CjieflOBaTejiBHO, pa36opxa 
MHKpOTpySoneK KHHeTOxopHoro nynxa nponcxo^HT b ochobhom c (+)-KOHu,a, b MecTe 
ero coeflHHeHHa c KHHeroxopOM, a xpOMOCOMa flBHxceTcn no HanpaBJieHHio k (-)- 
KOHpy MHKpOTpySoneK, KOTOpBin pacnojio>KeH b 30He peHTpocoMBi. OKa3anocB, hto 
Taxoe aBH/Kemie xpomocom 3aBHCHT ot npHcyrcTBHJi ATO h ot nannHMfl 
flOCTaTOHHOH KOHH,eHTpaU,HH HOHOB Ca ++ . To, HTO B COCTaBe KOpOHBI KHHeTOXOpa, B 
KOTOpyK) BMOHTHpOBaHBI (+)-KOHU,BI M H K p OT py 6 O H 6 K , o6liapy>Ken SeJIOK HHIieiHI, 
n03B0JIHJI0 CHHTaTB, HTO HMeHHO OH HBJHieTCH MOTOpOM, KOTOpBIH nOflTflTHBaeT 
xpOMOCOMy k nojiKDcy. OnnoBpeivienno c sthm npoHCxo^HT ^enojiH m e p h 3a u n a 
KHHeTOXOpHBIX MHKpOTpySOHeK Ha (+)-KOHU,e (pHC. 322). 

IloCJie OCTaHOBKH XpOMOCOM y nOJIKDCOB npOHCXOflHT ^OnOJIHHTeJIBHOe HX 
pacxo/Knemie 3a chct ynaneinoi nomocoB npyr ot npyra (aHacJma B). IIoKa3aHO, hto 
npn 3tom npoHCxo^HT napauHiBainie (+)-kohu,ob MOKnoniociibix m h k p ot p y 6 oh e k , 
KOTOpBie MoryT 3iiaHHTenBiio yBenHHHBaTBCH b nanny. B 3 an m on e h ctb h e Mencny 
3THMH aHTHnapaJIJieJIBHBIMH MHKpOTpySOHKaMH, npHBOHHUiee K HX CKOHB/Kenino 
npyr OTHOCHTenBHO npyra, onpenenneTCH npyrnMH motophbimh Kiniesini- 
nofloSHBiMH SejiKaMH. KpOMe Toro, nomoca nonojiHHTejiBHO nonTarHBaiOTCH k 
nepH(J)epHH kjictkh 3 a chct b 3 an m on £ h ctb hji c acTpanBHBiMH m m xpoTpyOon ktim m 
flHHeHHO-nofloSHBix 6enKOB Ha njia3MaTHHecKOH MeMSpaHe. 

IIocjieflOBaTejiBHOCTB aHa(|)a3 A h B h hx BKJian b npopecc pacxoncneHmi 
xpomocom mo'/KCt 6bitb pa3JiHHHBiM y pa3HBix oObcktob. Tar, y M JI e KO n H T a 1 0 HI M X 
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CTa^HH AhB npoTeicaiOT npaKTHnecKH o^HOBpeMeHHO. Y npocTeiiHiHx B aHa(jia3a 
M05KeT npHBOflHTB k 15-KpaTHOMy yBeaHHemiio ^jihhbi BepeTeHa. B pacTHTejiBHBix 
KJieTKax CTaana B OTcyrcTByeT. 

Tejio(|)a3a naHnnaeTCH c ocTaHOBKH xpomocom (pamiHH Teno(J)a3a, no3,znuHi 
aHacf)a3a) (pnc. 313, 314) h KOHHaeTCK HanajiOM peKOHCTpyKu,nH HOBoro 

HHTep(J)a3Horo nflpa (paHHHH Gi-nepHOfl) h pa3flejieHHeM hcxo^hoh KJieTKH Ha flBe 
^onepHHe (u,HTOKHHe3) (Ta6. ). 

B paHHeii Teno(J)a3e xpomocombi, He Merora CBoeii opHeHTapHH (peHTpoMepHBie 
ynacTKH - k nojnocy, TejiOMepHBie - k peHTpy BepeTeHa), HanmiaiOT 
AeKOH^eHCHpOBaTBCa H yBeJlHHHBaTBCM B oSteMe. B MeCTaX HX KOHTaKTOB c 
MeMSpaHHtiMH ny3BipBKaMH u,HTonjia3MBi HanHHaeT CTponTbCH no Ban aaepnaH 
oooaoHKa, KOTopaa paHtme Bcero oopasyeTCH Ha jiaTepajiBHBix noBepxnocTHx 
XpOMOCOM H n03'/K6 - B H,eHTpOMepHBIX H TeJIOMepHBIX yHaCTKaX. IloCJie 3aMBIKaiIHH 
a^epHOH oSojiohkh naHHiiaeTCH (J)opMHpOBaHHe hobbix impBimeK. KjieTKa nepexo^HT 
B Gi-nepHOA HOBOH HHTep(J)a3BI. 

B Teno(j)a3e HaHHHaeTCn h 3aKaHHHBaeTCn npopecc pa3pymeHHa MHTOTHHecKoro 
annapaTa - pa36opica m h k poT py 6 oh e k . Oh h/ict ot noaiocoB k 3KBaTOpy obibhicm 
KJ ieTKH : HMeHHO b cpeaneii hbcth BepeTeHa MHKpOTpySoHKH eoxpaiiHiOTCH ^ojiBrne 
Bcero (ocTaTOHHoe TejiBpe). 

OflHO H3 raaBHBix co6bithh Teno(J)a3Bi - pa3fleneHHe KJieTOHHoro Tejia, 
HHTOTOMKg HJ1H HIITOKHHe3 . BblHie y>Ke TOBOpHJIOCB, HTO y paCTeHHH ^eJieHHe KJieTKH 
npoiicxoHHT nyTeM b n y t p h kji ctoh i i o ro oopaBOBamia KJieTOHHOH neperopo^KH, a y 
KJieTOK 5KHBOTHBIX - nyTeM nepCTH/KKIl, BnaHHBaHHH nJia3MaTHHeCKOH MCMOpailBI 
BHyTpB KJieTKH. 

Mhto 3 He Bcerjia jaxanH h btct ch paaaeaemieM Tejia KJieTKH. TaK, b mnocnepMe 
MHOTHX paCTeHHH MOTyT HeKOTOpOe BpeMU HflTH MHOlKeCTBeHHBie npopeccBi 
MHTOTHHecKoro ^ejieHHn aaep 6e3 jjeaemui u,HTonjia3MBi: oSpaayeTCH niraiiTCKHH 
MHoroaflepHBiii CHMnjiacT. TaK >Ke 6e3 u,htotomhh chhxpohho jiejiHTCH 
MHoroHHCJieHHBie afl pa njia3MO,zpieB mkrcomhuptob . Ha paHHHx TTanax pa3BHTHa 
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sapopbiHien neKOTopbix HaceKOMbix Taxace nponcxopHT HeopHOXpaTHoe peaenne 
apep 6e3 peaeHHa pHTonaa3Mbi. 

B SoubniHHCTBe caynaeB 3axaapxa nepeTaacxH npn peaemni kuctok jkhbothbix 
nponcxopHT CTporo b 3KBaTOpHanbHOH nnocKOCTH BepeTeHa. 3pecb b xoHpe aHa(J)a3bi, 
b nawane Teao(f)a3bi, oSpasyeTca KOpTHKa jibho e CKonneHHe MHxpocjmaaMeHTOB, 
KOTOpbie 06pa3yK)T COKpaTHMOe XOHbpO (pHC. 258). B COCTaB MHXpO(j)HnaMeHTOB 
KOJibpa bxopht aKTHHOBbie (jfflSpHJinbi h KOpOTKHe nanoHKOBHflHbie MOJieKynbi H3 
n0J!HMepH30BaHH0r0 MH03HHB II. B3aHMHOe CKOJIbJKeHHe 3THX KOMIIOHeHTOB 
npHBOflHT k yMeHbmeHHio pHaMeTpa xoabpa h k noaBaeHHio BpaBaeHHa 
nna3MaTHHecKOH MCMopaiibi, hto b xoHpe npiiBOpMT k nepeTaacxe hcxophoh xhctxh 
HapBoe. 

Ilocne phtotomhh pBe HOBbie (ponepHne) KJieTKH nepexopaT b CTapmo Gi 
KJieTOHHoro nepnopa. K 3TOMy BpeMeHH B03o6HOBaaiOTca pHTonaa3MaTHnecxHe 
cnHTe3bi, nponcxopHT pecTaBpapna BaxyoaapHOH chctcmbi, phxth o c o m b i annapaTa 
rOJIbflJKH CHOBa KOHU,eHTpHpyK)TCM B OXOHOapepHOH 30He B accopnaproi c 
peHTpocoMoii. Ot peHTpocoMbi naHHiiaeTCH OTpacTaHHe p hto n a as m bt h h e c k m x 
MHKpOTpySoneK h BOCCTaHOBJieHHe HHTep(j)a3Horo pHToexeaeTa. 

CaMoopraHH3auHH chctcmm MHKpoTpy6oqeK 

0630p CTanoBaemia m htothh e c xo to annapaTa noica3biBaeT, hto pa a npopecca 
cSopKH caoacHoro ancaiviSna m h k p ot py 6 o h e k neoSxopHMO naanmie xax peHTpOB 
opraHH3apnH MHxpOTpySonex, Tax n xpomocom. 

Opnaxo cyuiecTByeT pap npnMepOB, noKasbiBaiounix. hto o6pa30BaHne 
pnTacTepOB n BepeTeH MoaceT hpth He3aBncnMO, nyreM caMOOpraHH3apnH. Bbiao 
oSnapyaceno, hto ecan c noiwombio m h xpoivian h nyaaTopa OTpe3aTb hbctb 
pnTonaa3Mbi cj)Hopo6aacTa, b KOTOpon He 6biaa 6bi pacnoaoacena peHTpnoab, to 
nponcxopHT cnoHTaHHaa peoprammpHa cncTeMbi MHxpOTpySonex. BHanaae ohh b 
OT pe3aHHOM (J)parMeHTe pacnoaaraiOTca xaoTnnecKH, ho nepe3 HexoTOpoe BpeMa 
ohh coSnpaiOTca cbohmh xohpbmh b 3Be3ponopo6Hyio CTpyxTypy - pHTacTep , rpe 
Ha nepH(j)epHH xaeTOHHoro (J)parMeHTa naxopaTca (+)-xohpbi MHxpOTpySonex (pnc. 
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323 ). Cxoanaa KapTHHa npoHCxo^HT c 6e c He i it p h on a p 1 1 bi m h cjiparMeHTaMH 
ivienaiiocjiopoB - niinvieiiTiibix xneTOx, iiecyunix rpanynbi numeHTbi Meaanuna. B 
3 tom cnynae npoiicxoanT He ToabKO caMoe6opxa miTacTepa, ho h pocT 
MHKpOTpySoaeK ot rpaHya nurMeiiTa, coSpaiinoro b ueiiTpe KaeTonnoro (JipameHTa. 

B flpyrnx cnynaax caMoe6opxa MHxpOTpySoHex MO>KeT npiiBoanTb k 
o6pa30BaHHK) MHTOTHHeCKHX BepCTeil. Tax, B OailOM H3 3KCnepHMeHTOB 6bia 
BbifleaeH u,HT03oab H3 ^eaaniHxca anu, xceHonyca. Ecan b Taxon npenapaT 
noMecTHTb MeaKHe rnapHKH, oSaenaeHHbie (jiaroBOH ,Z],HK, to B03HHKaeT 
MHTOTHaecKaa (jinrypa, rae MecTO xpomocom 3aHHMaK)T sth rnapHKH /)HK, He 
HMeromne KHHeTOxopHbix noeaeaoBaTeabHOCTeH, a k hhm npHMbixaiOT aea 
noayBepeTeHa, b noaiocax KOTOpbix HeT HHKaKHx U,OMT. 

CxoaHbie KapTHHbi naoaioaaiOTca h b ecTecTBeHHbix ycnoBHax. Tax, HanpHMep, 
npn aeaeHHH aHu,exaeTKH ap030(J)Habi npn OTcyTCTBHH peHTpHoaeii Boxpyr rpynnbi 
npoMeTa(|)a3Hbix xpomocom iiaHimaiOT xaoTHHecxH n oa h m ep H 3 o b aT b c a 

MHxpOTpySoHKH, xoTOpbie 3aTeM ri e p e c t p a h b a i o t c a b oiinonapnoe BepeTeHO h 
CBa3biBaK)Tca c KHHeTOxopaMH. AHaaorHHHaa xapTHHa HaSaioaaeTca bo BpeMa 
MeHOTHHecxoro aeaeHHa aHu,eKaeTKH xceHonyca. 3aecb TaKace BHanane npoHCxoflHT 
cnoHTaHHaa oprammiiHa He opHeHTHpOBaHHbix MHxpOTpySoHex Boxpyr rpynnbi 
xpomocom, a no3ace o6pa3yeTca HOpMaabHoe SnnoaapHoe BepeTeHO, b noaiocax 
xoTOporo TaKace OTcyTCTByiOT ueiiTpocoMbi (pnc. 324 ). 

3 th iiaSaioaeima npn Bean x BbiBoaaM, hto b caMOOpraHH3au,HH MHxpOTpySonex 
npHHHMaiOT ynacTne MOTOpHbie Seaxn, KHHe3HHono6oaHbie h anHeHHonoaoSHbie. 
Ebian oonapyaceiibi MOTOpHbie (+)-KOHu,eBbie 6eaxH, xpoMOKiineiHiibi . xoTOpbie 
CBa3biBaiOT xpOMOCOMbi c MHxpOTpySonxaMH h 3acTaBaaiOT nocaeamie aBiiraTbca b 
HanpaBaeHHH (-)-xoHii,a, hto npHBoaHT x o6pa30BaHHio xoHBepreHTHoii CTpyxTypbi 
rana noaioca BepeTeHa. C apyroii CTOpOHbi, ^HHenH-nofloSHbie MOTOpbi, CBa3aHHbie 
c BaxyoaaMH nan rpaHyaaMH TaKace MoryT nepeMemaTb m h k p ot py 6 o h e k Tax, hto hx 
(-)-xoHu,bi 6yayT cTpeMHTbca o6pa30BbiBaTb KoiiycoBHaiiBie nynKH, 6yayT cxoanTbca 
b pempe noayBepeTeH (pnc. 325). 
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IIoxoacHe npoueccbi nponcxoaaT npii o6pa30BaHHH mhtothhcckhx BepeTeH b 
paCTHTeJIBHBIX KJieTKaX. 

MmTQ 3 paCTHTeJlbHOH KJieTKH 

MHTOTHHecKoe aejienne kjictok bbichihx pacTeHHH HMeeT paa xapaKTepiibix 
ocoSeHHOCTeii, KOTOpbie KacaiOTca Hanajia h KOHpa stoto npopecca. 

B nHTep(|)a3Hbix KJieTKax pasaHHiibix MepHCTeM pacTeHHH m h k p ot p y 6 o h k m 
pacnonaraiOTca b KOpTHKaabHOM noaMCMopannoM caoe u,HTonjia3Mbi, oopaaya 
KOJibpeBbie nywR'ii m h k p ot p y 6 oh e k (pnc. 326). riepHcjiepHHecKHe m h K poTpySow kii 
KOHTaKTHpyKDT C (J)epMeHTaMH, o6pa3yK)mHMH (J)H6pHJlJlbI U,eJIJIK)JI03bI, c 
u,ejuiK)Ji030CHHTeTa3aMH, KOTOpbie aBJiaiOTca HHTerpajibHbiMH SejiKaMH 
njia3MaTHHecKoii MCMopaiibi. Ohh c hhtc 3HpyiOT u,ejuiK)Ji03y Ha noBepxHOCTH 
njia3MaTHHecKoii MeM6paHbi. CwraeTca, hto b npopecce pocTa u,ejuiK)Ji03H0H 
(J)H6pHJiJibi 3 th (jiepMeHTbi nepeaBiiraiOTca Baojib noaMCMopamibix m m K poTpySoweK . 

MoTOTHHecKaa nepecTpoiiKa 3JieMeHTOB miTOCKeaeTa npoHexoaHT b nawajie 
npocfjaibi. IIpH 3tom HCHesaiOT m h KpoT py 6ow kh b nepucfiepHHecKnx cnoax 
u,HTonjia3Mbi, ho b npiiMeiYiopannoM cnoe u,HTonjia3Mbi b 3 k bbto p m aa b n o h 30He 
KJieTKH B03HHKaeT KOJibu,eBHaHbiH nyHOK m ii k p ot py 6 o h e k - npenpo(|)a3Hoe kojibho, b 
KOTOpoe BxoaHT 6ojiee 100 MHKpOTpySoneK (pnc. 327). W m m y h oxh m m h e c k m b stom 
KOJibpe oonapy>Ken TaKace aKTHH. Baaoio otmcthtb, hto npenpocjiaanoe KOJibpo 
MHKpOTpySoneK pacnojiaraeTca TaM, rae b Tejioc|)a3e 6yaeT o6pa30BbiBaTbca 
KJieTOHHaa neperopoaKa, paaaeaaiouiaa aoe HOBbie KJieTKH. IIo3aHee b npo(J)a3a sto 
KOJibpo iiaHiinaeT HCweaaTb, h HOBbie m m KpoT py 6ow kh noaBJiaiOTca no nepncJiepHH 
npo(|)a3Horo aapa. Hx hhcjio Sojibine b nojiapHbix 30Hax aaep, ohh KaK 6bi onaeTaiOT 
bck) aaepHyio nepncjiepHio. IIpH nepexoae k npoMeTacJ)a3e B03HHKaeT SHnojiapHoe 
BepeTeHO, m m k p o t p y 6 o h k h KOTOporo noaxoaaT k t.h. nojiapHbiM manonKaM , b 
cocTaBe KOTOpbix HaSjuoaaiOTca jiHHib MejiKHe BaicyojiH h HeonpeaeJieHHOH 
MOp (jlOJIOTHH TOHKHe (jttlSpHJUIbi; HHKaKHX npH3HaKOB H,eHTpHOJieiI B 3THX nOJiapHbIX 
30Hax He o6napy>KHBaeTca. Tax (JiopMHpyeTca aHacTpajibHoe BepeTeHO. 
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B npoMeTacfme npn nejicinni pacTHTejibHbix kjictok TaK>Ke naSjnoaacTca 
cjiojkhbih apeHcfj xpomocom, hx ocH,HJunm,Ha h nepeMemeHHe t a koto >Ke Tima, xaKHe 
BCTpenaiOTCH b npoMeTac|)a3e kjictok >KHBOTiibix. CoobiTiia b anacjiase Taxace cxojkh c 
TaKOBbIMH B aCTpaJIbHOM MHT03e. IloCJie paCXOIKfleHHH XpOMOCOM B03HHKai0T HOBbie 
aapa, TaK>Ke 3a cneT aeKOHaeHcapHH xpomocom h o6pa30BaHHa hoboh aaepHoii 
060JIOHKH. 

npopecc 5Ke HHTOTOMHH paCTHTeJIBHBIX KJICTOK pe3KO OTTMiaCT CH OT aeJICHHH 
riepcTH’/KKoii kjictok jkhbothoto npoHCxo'/Kaeinia (pnc. 328). B nannoM cjiynae b 
KOHpe Tejio(|)a3bi TaKace npoiicxoaiiT pa36opKa m h k p ot p y 6 oh e k BepeTeHa b nojiapHbix 
oSjiacTax. Ho MHKpOTpySoHKH ochobhoh nacTH BepeTeHa Meacay aByMa hobbimh 
aapaMH ocTaiOTca, 6ojiee toto 3aecb nponcxoaHT o6pa30BaHHe hobbix 
MHKpOTpySoneK. Tax oopaiyiOTca nyHKH m ii KpoTpy 6oh e k, c kotopbimh CBaaaiibi 
MHoroHHCJieHHbie mcjikhc BaicyojiH. 3 th BaKyojiH npoH3oniJiH ot Baxyojieii annapaTa 
Tojiba^KH h coaepacaT neKTHHOBbie BemecTBa. C noMombio MHKpOTpySoneK 
MHoroHHCJieHHbie BaKyojiH aBH>KyTca k aKBaTOpnajibHoii 30He kjictkh, rae cjiHBaiOTca 
apyr c apyroM h o6pa3yiOT b cepeamie kjictkh njiocKyio BaKyojib - (jiparMonjiacT . 
KOTOpbiH pa3pacTaeTca k nepH(J)epHH kjictkh, BXJHOHaa Bee HOBbie h HOBbie BaKyojiH 
(pnc. 326, 327, 329). 

Tax nponcxoaHT o6pa30BaHHe nepBHHHOH kjictohhoh ctchkh. B kohu,c kohu,ob, 
MCMopanbi cfjparMonaacTa cmiBaiOTca c n a a 3 m aT h h e c ko ii MCMopanoii: nponcxoaHT 
o6oco6jieHHe aeyx hobbix kjictok, pa3aejieHHbix H0B006pa30BaHH0H kjictohhoh 
CTeHKoii. no Mepe pacniHpeHHa (jiparMonjiacTa nyHKH MHKpOTpySoneK 
nepeMemaiOTca Bee Sojibine k nepH(J)epHH kjictkh. BepoaTHO, hto npopeccy 
pacTa/Kemia (J)parMonjiacTa, OToaBuranna Ha nepncjjepino nyHKOB m ii k p o t p y 6 o h e k 
C nOCOSCTByiOT nyHKH aKTHHOBBIX (jlHJiaMeHTOB , OTXOTa TTT HX OT KOpTHKaJIBHOTO CJIOa 
u,HTonjia3Mbi b tom MecTe, rae 6bijio npenpo(J)a3Hoe kojibu,o. 

nocjie paBaeaemia kjictkh m n KpoTpy 6oh k h , yiacTBOBaBmue b TpaHcnopTe 
MejiKHx BaKyojieii, HCHe3aiOT. HoBoe noxojieHHe HHTep(J)a3Hbix m n KpoTpy 6oh e k 
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oopasyeTCH Ha nepH(j)epHH ap pa, a 3aTeM pacnoaaraeTca b KOpTHKajiBHOM 
npHMeMSpaHHOM caoe H,HTonaa3Mbi. 

TaKOBO o6mee onHcamie peaeHHa pacTHTejiBHBix kjictok, opHaKO 3tot npopecc 
H3yHen KpaiiHe nepocTaTOHiio. B noaapHbix 30Hax BepeTeH He oonapy/Keiibi ochkh, 
BxoaauiHe b cocTaB U,OMT acHBorabix khctok. Bbijio oSHapyaceHO, hto b 

pacTHTejiBHBix KJieTKax b 3toh pojiH MoaceT BbiCTynaTB aaepnaa oOoaoHKa, ot 
KOTOpOH (+)-KOHU,BI M H K )3 OT py 6 O H 6 K HanpaBJieHBI K nepH(j)epHH KJieTKH, a (-)-KOHU,BI 
k a^epHOH oSojiOHKe. IIpH o6pa30BaHHH ace BepeTeHa KHHeTOxopHBie nyHKH 
OpHeHTHpOBaHBI (-)-KOHU,OM K nOJIKDCy, H (+)-KOHU,OM K KHHeTOXOpaM. KaK 
npoHCxo^HT Taicaa nepeopHeHTapna MHKpOTpySoneK ocTaeTca He BbiacHeHHbiM. 

IIpH nepexope k npocj)a3e BOKpyr appa noaBaaeTca naoraaa ceTB 
MHKpOTpySoneK, nanoMHiiaiomaa KOp3HHKy, Korapaa 3aTeM no (j)opMe nanHiiaeT 
HanoMHHaTB BepeTeHO. IIpH stom MHKpOTpySoHKH o6pa3yK)T pap cxopamnxca 
nynKOB, HanpaBaeHHBix b CTOpOHy noaiocoB. IIo3pHee b npoMeTa(J)a3e nponcxopHT 
CBa3B MHKpOTpySoneK c KHHeTOxopaMH. B MeTacJ)a3e KHHeTOxopHBie (JmSpnaabi 
MoryT (J)opMHpOBaTB o6ihhh pemp cxoacpeHHa - MHHHnoaioca BepeTeHa, hjih 
peHTpLi KOHBepreHu,HH MHKpOTpySoneK. BepoaTHee Bcero, o6pa30BaHHe TaKHx 
MHHHnOHKDCOB npOHCXOpHT 3a CHeT oSbepHHeHHa (-)-KOHpOB MHKpOTpySoneK, 
CBa3aHHBix c KHHeTOxopaMH. Mo'/Kiio npepnoaoacHTb, hto b KJieTKax bbichihx 
pacTeHHH npopecc peopramoapHH pHTOCKeaeTa, b tom HHCJie h o6pa30BaHHe 
MHTOTHHecKoro BepeTeHa, CBa3aH c caMOOprammpHeii MHKpOTpySoneK, KOTOpaa, 
KaK H B KHCTKaX aCHBOTHbIX, npOHCXOpHT npH ynaCTHH MOTOpHBIX OCHKOB. 

^tejieHHe 6aKTepHajn»m»ix kjictok 

OSbihho peaeHHe SaKTepHaabHbix KaeraK onncbiBaeTca KaK “OHHapHoe”: nocae 
ypBoemia nyKaeonpbi, CBa3aHHbie c naa3MaraHecKOH MCMopanoH, pacxoaaTca 3 a 
caeT pacTH/Kemia MCMopaiibi Meacpy HyKaeonpaMH, a 3aTeM o6pa3yeTca nepeTaaaca 
nan ceirra, aeaauiaa KaeTKy napBoe. 3tot ran peaemia npuBopuT k ohciib TOHHOMy 
pacnpeaeaeHHK) reHeraHecKoro MaTepnaaa, npaKranecKH 6e3 ohihOok (MeHee 0,03 
% aecj)eKTHbix KaeraK). HanoMHHM, hto apepiibin annapaT SaKTepHH, nyKaeonp, 
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npepcTaBaaeT co6oii miKaimecKyio THraHTCxyio (1,6 mm) MOJieKyjiy /(HK, 
o6pa3yK)myK) MHoroHHcaeHHbie nexneBbie pomchbi b cocToaHHH 
CBepxcnHpajiH3au,HH, nopapox yxaapxn neTJieBBix pomchob He H3BecTeH. 

CpepHee BpeMa Meacpy peaemiaMH OaxTepHaabHbix kjictok cocTaBaaeT 20-30 
mhh. A 3to nepiiop poaaceH npoH30HTH pejiBiii pap coSbithh: penaiiKamia /(HK 
Hyxneonpa, cerperapHa, OTpeaeHHe cecTpHHCKHx HyxaeoHpoB, hx paabHeiiHiee 
pacxo'/xpeniie, piiTOTOMiia 3a chct oopaaoBanna cenTbi, peaaipeH ncxopnyio KJieTKy 
pOBHO nonojiaM. 

Been pap 3thx npopeccoB HaxopHTca nop hhtchchbhbim BHHMamieM 
HceaepoBaTeaeH nocaepHHx neT, b pe3yjiBTaTe 6bihh noayneHbi BaacHbie h 
HeoacH^aHHBie naSaiopeniia. Tax oxa3aaocb, hto b Hanaae CHHTe3a /(HK, xoTopbiH 
HanHHaeTca c tohkh penanxapHH (origin), o6e pacTymne MOJieKynbi /(HK 
H3HaHanbHO ocTaiOTca CBa3aHHbiMH c njia3MaTHHecKoii MeMSpaHoii (pnc. 330). 
OflHOBpeMeHHO c CHHTe30M /)HK npoHexoflHT npopecc CHaTHa CBepxcnHpaaH3apHH 
xax CTapbix, Tax h penaHpHpyioipHxca neTJieBBix pomchob 3 a cneT peaoro papa 
(j)epMeHTOB (TonoH30Mepa3bi, THpa3bi, anrasbi h pp), hto npHBopHT x (j)H3HHecxoMy 
o6oco6aenino pByx ponepniix (nan cecTpHHCxnx) xpOMoeoM-HyxaeoHpoB, xoTOpbie 
eme HaxopaTca b tcciiom xoHTaxTe ppyr c ppyroM. Ilocae Taxoii cerperamm 
HyxaeoHpoB nponcxopHT hx pacxo/xpenne ot ueiiTpa xjictxh, ot MecTa hx 6biBmero 
pacnoHO/xemia. IIpHneM sto pacxo/xpemie onenb TOHHoe: Ha neTBepTb phhhbi khctkii 
b pByx n poT 11 bo noao'/X n bi x nanpaBaeimax. B pe3yabTare stoto b xaeTxe 
pacnoaaraiOTca pBa hobbix Hyxaeonpa. KaxoB MexaHH3M stoto pacxo/xpemia? 
/(eaaaHCb npepnoao/xeniia OHyaaMaTep, 1953), hto peaenne SaxTepnaabHbix khctok 
aHaaorHHHO MHT03y ayxapHOT, opHaxo paHHbix b noabay stoto npepnoao/xeniia 
poaroe BpeMa He noaBaaaocb. 

HoBbie CBepeHHa o MexaHH3Max peaeHHa SaxTepnaabHbix xaerox obihh 
nonyneHbi npn inyHeniiii MyTaHTOB, b xoTOpbix npoHCxopnaH HapymeHHa 
xaeTOHHoro peaeHHa. 
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Ebijio oonapy/Keno, hto b npouecce pacxoucpeHHJi HyioieoHpoB npumiMaiOT 
yiacTiie hcckojibko rpynn cnemiajiBiiBix SejiKOB. Oann H3 hhx, SenoK Muk B, 
npepcTaBJineT co6oii rnraHTCKHii roMopHMep (MOJi.Macca okojio 180 K^a, pjiHHa 60 
hm), cocToamnH H3 peHTpajiBHoro cnupaabiioro ynacTKa, h koiipcbbix raoSyjiapHbix 
ynacTKOB, HanoMHHaioipHH no CTpyKType HHTeBHpHBie oejiKii ayKapHOT (penb 
MH03HHa II, KHHe3HHa). Ha N-KOHpe Muk B CBa3BiBaeTOi c TTO n AT<I>, a Ha C- 
KOHpe - c MOJieKyjion ,E(HK. 3th CBOHCTBa Muk B paiOT ocHOBamni cuHTaTb ero 
MOTOpHbIM SeJIKOM, y H a C T B y I O Ui H M B paCXO/KHeilHH HyKJieOHflOB. MyTapHH 3TOrO 
6enKa npiiBOHHT k napyuieinniM pacxo'/KpeniHi HyKJieoHpoB: b MyraHTHOH nonyjHipHH 
no^BJiaeTca Sojibinoe kojihucctbo 6e3BapepHBix rjictok. 

KpOMe 6enKa Muk B b pacxo/Kpemui HyioieoHpoB, n o - b n a n m o m y , yiacTByiOT 
nyuKH (|dh6phjiji, conep'/KauiHx 6e;iOK Caf A, KOTOpBiii MO>KeT CBasbiBaTbca c 
TJDKejibiMH penaMH MH03HHa, nopoSHO aKTHHy (pnc. 331). 

06pa30BaHHe nepeTiDKKH, hjih cenTbi TaK>Ke b o6lpmx uepTax HanoMHHaeT 
PHTOTOMHIO >KH BOTH BIX KJieTOK. B paHHOM CJiyuae B 06pa30BaHHH CenT npumiMaiOT 
yuacTHe ochkh ceMeiicTBa Fts ((])H6pHJiJHipHBie tc p m oh y b ct b m Ten b n bi e ) . 3to rpynna 
H3 He ckojibkhx ocjikob, cpepn KOTOpBix nanoonee Hiywen 6enoK FtsZ. 3tot oenoK 
cxopeH y SojiBHiHHCTBa SaKTepHH, apxnSaKTepHH, o6Hapy>KeH b MHKonjia3Max h 
xjioponjiacTax. 3to raoSyjiapHBiH 6enoK, cxopHBiii no CBoeii aMHHOKHCJiOTHoii 
nocjieflOBaTejiBHOCTH c TySyruniOM. npn B3aHMopeiicTBHH c TTCF in vitro oh 
cnocoSen o6pa30BbiBaTB pjihhhbic HHTnaTBie n poTOcj) iriaivienTBi . B HHTep(J)a3e FtsZ 
HH(})(J)y3iio jiOKajiH3yeTca b pHTonjia3Me, ero KOJuraecTBO ohciib bcjihro (5-20 tbic. 
MOHOMepOB Ha KJieTKy). Bo BpeMa pejieHHa KJieTKH Been stot 6enoK jiOKajiroyeTOi b 
30He cenTbi, o6pa3ya coKpaTHMoe kojibpo, oneHB HanoMHHaioipee aKT0-MH03HH0B0e 
kojibpo npn pejieHHH rjictok 5KHBOTHoro npoHCxo^KpemHi (pnc. 332). MyTapHH no 
3TOMy 6enKy npHBopuT k npeKpaipeHHio pejieHHH rjictok: B03HHKai0T pjiHHHBie 
KJieTKH, copepJKaiHHe mhojkcctbo HyKJieoHpoB. 3th HaSjnopeHHn noKa3BiBaiOT 
npmviyio 3aBHCHMOCTB pencil ini oaKTepnanBiiBix khctok ot naniiHiin Fts-6ejiKOB. 
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Otho CHT euBHO MexaHH3Ma oopaaoBaiiHJi cenT cymecTByeT hcckojibko THnoTe3, 
nocTyjiHpyioiHHx coKpameHHe KOJiBpa b 30He cenTbi, npHBO,zpimee k pa3fleneHHK) 
HCXOflHOH KJieTKH Iia^BOC. IIo OflHOH H3 HHX npOTO(J)HJiaMeHTbI flOJHKHBI CKOJIB3HTB 
OflHH OTHO CHTeJIBHO flpyTOTO C nOMOLHblO HeH3BeCTHBIX CLHC MOTOpHBIX SeJIKOB, no 
npyroH - coKpauiemie jwaivieTpa cenTbi mo'/KCt npoHCxoflHTB 3a chct 
^ enojiHMepH3au,HH 3anKOpeHHbix Ha njia3MaraHecKOH MeM6paHe FtsZ (pnc. 333). 

napajuiejiBHO o6pa30BaHHK) cenTbi nponcxo^HT napauiiiBanne MypennoBoro cjioh 
S aKTepnajiBHOH kjictohhoh ctciikm 3a chct paSoTBi 11 on n cj) e p m e n t aT n b n o ro 
KOMnjieKca PBP-3, cniiTeanpyiouiero n e n ra n o rmi k a n b 1 . 

TaKHM o6pa30M, npn aejicmni oaKTcpiiajibiibix kjictok yiacTByiOT npoueccbi bo 
mhotom cxo^HBie c aejicniieivi ayxapHOT: pacxo'/KTeniie xpomocom (nyKneonaoB) 3a 
CHCT B3anMOaenCTBIHI MOTOpHBIX H (J)H6pHJIJIMpHBIX SeJIKOB, o6pa30BaHHe nepeTH/KKH 
3a chct (J)H6pHJiJiMpHbix 6enKOB, oopaayiounix coKparaMoe kojibu,o. Y oaKTcpun b 
OTJ iHHHe ot oyKapHOT b 3thx npopeccax npnnuMaiOT ynacrae cobccm HHbie 6 cjikh, 
ho npHHu,Hnbi opraHH3au,HH OT^ejiBHbix TTanoB KJieTOHHoro ^ejieHH^i ohchb cxoahbi. 

DiaBa 25. MeH03 

MeHQ3 (ot rpen. meiosis - yMeHtmeHne) - ocoSbih cnoco6 ^ejieHHn kjictok, 
jienemie cospeBaunn, b pe3yjiBTaTe KOTOporo nponcxo^HT peayKHna (yMeHbineHHe) 
HHcna xpOMOCOM h nepexofl kjictok hx THnjioH/iHoro coctouhhh b rannon^noe. 
Meii03 - 3 to ocoSbih ran ^H(|)(J)epeHu,HpoBKH, cneu,HajiH3au,HH kjictok, KOTOpbin 
npHBOflHT k o6pa30BaHHio nojiOBbix kjictok. 3tot npopecc 3aHHMaeT ^Ba kjictohhbix 
U,HKJ ia npH OTCyTCTBHH CHHTC3a /)HK BO BTOpOM MeilOTHHeCKOM ^eJieHHH. 
HeoSxOflHMO OTMeTHTB, HTO MCH03 npeflCTaBJHieT C060H yHHBepCaJIBHOe HBJieHHe, 
xapaKTepHoe fljia Bcex iy Kap n ot n h e c k n x opraHH3MOB . npn Meii03e nponcxonnT He 
TOJiBKO penyKHHH nncjia xpomocom %o ranjiOHflHoro hx nncjia, ho nponcxo^HT 
HpcjBbmanno BavKiibin reneraHCCKiin npouecc - o 6 mch ynacraaMH Me>Kjiy 
TOMOJIOTHHHBIMH XpOMOCOMaMH, npOHCCC, nOJiyHHBHIHH Ha3BaHHC KpOCCHHTOBepa . 

CymecrayeT hcckojibko paanoBnanocTcii Meii03a. npn 3 htothom (xapaKTepHOM 
flJia aCKOMHU,eTOB, 6a3HMHH,CTOB, HeKOTOpBIX BOAOpOCJieil, CnOpOBHKOB H flp.), flJia 
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KOTOpBix b >k M3 ne n no m mi km c npeoSjiaMaeT ranaoMMiiaa (J)a3a, mbc kjictkh - raMeTBi 
cjiHBaKDTca, oSpasya 3HroTy c mbohhbim (mhhjiohmhbim) naSopoM xpomocom. B TaxoM 
BH^e aHnaoMMiiaa 3HroTa (noKoamaaca cnopa) npHCTynaeT k Meno3y, MBa>KMBi 
^euHTBca, h oSpaayeTCH neTBipe ranjiOHMHBie kmctkm, KOTOpBie upoMOJi/KaiOT 
pa3MHO>xaTBca. 

CnopoBBiii Tun MeH03a BCTpenaeTca y bbicihhx pacTeHHH, KJieTKH kotopbix 
HMeroT MMnMOMMiiBiM na6op xpOMOCOM. B Mai i MOM cjiynae b opraHax pa3Miio>xeinui 
pacTeHHH, o6pa30BaBniHeca nocjie Meii03a ranjiOHMHBie kjictkh eme hcckojibko pa3 
MejiaTca. ,Z],pyroH ran Meno3a, raMCTiiBiii , nponcxoanT bo BpeMa co3peBamni raMeT - 
npeMHiecTBeHHHKOB 3pejiBix nojiOBBix KJieTOK. Oh BCTpenaeTca y MHoroKJieTOHHBix 
5KHBOTHBIX, CpeMH IICKOTOpBIX HH3HIHX paCTCHHH. 

B cjiynae raMeraoro Meii03a xapaxrepHO npn pa3BHTHH opraHH3Ma BBiaejieHHe 
kjiohob repMHHaTHB hbix KJieTOK, KOTOpBie b n oc ji ejiCT b ii ii 6yayT 

MH(j)(j)epeiIHMpOBaTBCH B nOJIOBBie KJieTKH. H TOJIBKO KJieTKH 3THX KJIOHOB 6yayT npH 
C03peBaHHH noMBepraTBca Meii03y h npeBpamaTBca b nojiOBBie kjictkh. 
CjieaoBaTejiBHO, Bee kjictkh paBBiiBaiouiiixea MiioroKaeTOHiibix mchbothbix 
opraHH3MOB MO/Kiio pa3MejiHTB Ha mbc rpynnBi: e o m aT m h e e k ii e - H3 kotopbix 6yryT 
o6pa30BBiBaTBca kjictkh Bcex TKaHeii h opraHOB, h repMHHaraBHBie, KOTOpBie jx&jxyT 
Hanajio nojiOBBiM KJieTKaM. 

TaKoe BBiMeMCiiiie repMHHaraBHBix kjictok (tohou,htob) oobihiio npoMexoMHT Ha 
paHHHX CTaMHMX 3M6pHOHaJIBHOTO pa3BHTHH (pHC. 334). Tax, M6TepMHHaU,HH 
TOHOu,HTOB y panxa pmoiona nponcxoMHT yxce Ha nepBOM mcjichhh 3htotbi: o^Ha H3 
MByx KJieTOK aacT Hanajio repMHHajiBHBiM KJieTKaM. Y acKapH^Bi repMHHaraBHBie 
KJieTKH hjih KJieTKH “3apOMBimeBoro nyra” (A.BeiiCMaH) BBiaejiaiOTca Ha CTa^HH 16 
SjiacTOMepOB, y mP030(J)hjibi - Ha CTa^HH 6jiacTOu,HCTBi, y nejiOBeKa - nepBHHHBie 
nojiOBBie KJieTKH (roHoSjiacTBi) noaBJiaiOTca Ha 3-en Heaejie 3M6pHOHajiBHoro 
pa3BHraa b CTeHKe McejiTOHHoro MeniKa b KaynajiBHOM oraeae 3M6pHOHa. 

Kax h Bee kjictkh pa 3 BHBaK>meroca opraHH 3 Ma, kjictkh 3 apOMBimeBoro nyra 
JTHnJTOHJIHBT. OHH MOTyT y B e JI HHHB aTB CM B HHCJie nyTCM OOBIHIIOrO MHT 03 a, nOBTOpMH 
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Bee CTa^HH oSBiHHoro KJieTOHHoro u,HKJia, rae nponcxoaHT HepeaoBamie ypOBHen 
KOJiHnecTBa /THK h xpomocom Ha KJieTKy: 

2n (2c) — > S-nepnoa^ 4n (4c) — > 2 kjictkh 2n (2c) h T.a. 

OflHaKO Ha onpeaeaeiiiibix CTaanax pasBHTiia npn nojiOBOM co3peBaHHH ocooeii 
3TOT OObIHIIbIM XOa CMCHbl COObITIIM lYICIiaCTCa. FepMHHaTHBHbie KJICTKH 
npeBpamaiOTca b roHHajibHbie (ootohhh - aceHCKHe h cnepMaToroHHH - MyaccKHe 
KJieTKH - npeflmecTBeHHHKH), h ohh BCTynaiOT b npopecc Meii03a. IIpH stom KaK ^Jia 
aceHCKHx, TaK h fljia MyaccKHx kjictok HacTynaeT nepBbiH u,hkji Meii03a. Ha stoh h 
caeayioiHeH CTaaHH nojiOBbie kjictkh nojiyHHJin Ha3BaHHe cnepMaTOHHTOB h oohhtob 
(I h II nopaaxa). 

B nepBOM KJieTOHHOM u,HKJie Meii03a nponcxoaHT pejibiH paa co6bithh, KOTOpbiii 
ero 3HawrejibHO oth m h aeT ot oSbihhoto kjictohhoto u,HKJia. nocjie BCTynaemia b I 
u,hkji co3peBaHHa h cnepMaTomiTbi I h oohhtbi I nopa^KOB CHHTe3HpyiOT ,E(HK, ee 
KOJiHHecTB y^BanBaeTca, TaK ace KaK yzjBaHBaeTca 3a cneT penaHKaiiHH kohhhcctbo 
xpomocom. CjieflOBaTejibHO, nocae S-nepnoaa sth kjictkh HyacHO CHHTaTb (TaKace KaK 
H C OMaTHHe CKHe KJICTKH nOCHC CHHTC3a ,Z)HK) TeTpanaOHflHbIMH. nocae KOpOTKOrO 
G 2 -nepHOfla HacTynaeT npo(J)a3a I mchothhcckoto ^eaeHHa, KOTOpaa pe3KO 
OTanaaeTca ot o6bihhoh mchothhcckhh npo(|)a3bi. 

Oco6eHHQCTH npoc|)a3bi I mchothhcckoto aeaeHHa 

Bo-nepBbix, 3Ta CTaana 3aHHMaeT Soabinoii 0Tpe30K BpeMeHH (ot cyTOK ao 
roaoB !). Bo-BTOpbix, OHa coctoht H3 HecKonbKHx c t p y k Ty p ii o - cj ) y II K mi o ii a a b II b I X 
(J)a3 (aenTOTeHa, 3HTOTeHa, naxHTeHa, annaoTeHa, anaKHHe3). ,Z(anee, b stot nepnoa 
nponcxoaHT oSbcaHiieime, KOHbioraHHa . roMoaorHHHbix (poaHTcabCKnx) yaBoemibix 
b pe3yabTaTe penaHKau,HH xpoMaraa, npn stom o6pa3yiOTca t.h. TCTpaabi , T.e. 
xpOMOCOMHbie KOMnaeKCbi, cocToaunie H3 HCTbipex xpoMaraa (yaBoeiiiibie 
MaTepHHCKHe h yaBoeHHbie otu,obckhc), KOTOpbie coeaHHeHbi bmcctc c noMombio 
cncuHaabiioii CTpyKTypbi - CHHanTHHeMHoro KOMnaeKca. B sto ace BpeMa 
nponcxoaHT o6mch yaacTKaMH xieacay x p o m aT h a a m h roMoaorHHHbix xpomocom (ho 
He Meacay ccctphhckhmh x p o m aT h a a m h oanoro roMoaora) - KpoccHHTOBep . KpOMe 
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Toro, b npopecce KOHbiorapHH h oSMeHa nponcxoaHT chhtc3 npHMepHO 1,5% 
XpOMOCOMHOH ^HK. 

B npoc|)a3e I MeHOTHaecKoro aejieHHa HaSjnoaaeTca pocT o6beMa oophtob, b 
KOTOpBix HaKanjiHBaiOTca 3anacHbie BemecTBa, oSecneaHBaioipHe parnnie CTaaHH 
pa3BHTH3i oyaymero 3apoabmia. 

3Ta npo(J)a3a OTjiHaaeTca TaKnce aniiTeabnocTbio bo BpeMeHH, neooxoanivioro 
ana npoxoacaenna nepemicaemibix Bbime coobitmm. Oobianaa c o m pth a e c k aa 
npo(f)a3a a-JinTca 0,5- 1,5 aaca. MeiioTHaecKaa npoc|)a3a cnepMaTopHTa I nopaaxa y 
caMpoB mbihih pjiHTca 12 cyTOK, y nenoBeica - 24 ana (iijiioc eme okojio aByx 
MecapeB ao nonHoro C03peBaHHa cnepMaT030Haa). Cpean aceHCKHx nonoBbix kjictok 
npo(J)a3a I nopaaxa TpHTOHa oObikhobchhoto a-JinTca okojio 1 roaa, y mbihih ot 4 
MecapeB ao 3 JieT, y aejiOBeKa npo(J)a3a I oophtob HaaimaeTca Ha 3 eM Mecape 
BHyTpHyTpoSHoro pa3BHTHa h mo/KCt npoaojiacaTbca ao 50-JieTHero B03pacTa 
aceHipHHbi. IIpH 3tom y aenoBeKa nponcxoaHT nocTeneHHaa thOcjib 3ajioaceHHbix 
oophtob: y 3-x MecaaHoro 3M6pHOHa hx okojio7x10 6 kjictok, k poacaeHHio peSeHKa 
hx ocTaeTca okojio 2x10 6 , k nojiOBOMy co3peBaHHio - 3x1 0 5 , Bcero ace co3peBaeT 
(oByjiHpyiOT) npHMepHO 5xl0 2 oophtob. 

,Z]pyroH ocoSeHHOCTbio npo(J)a3bi I Meoroa aBJiaeTca to, hto b otjihhhc ot 
oobiHiioro MHT03a, xpOMOCOMbi coxpaHaiOT paa (JjyHKpnoHajibHbix Harpy30K, a 
hmchho: ohh cnocoSHbi k CHHTe3y PHK, aacTHHHOMy CHHTe3y /)HK, npeTepneBaiOT 
paa CTpyKTypHbix nepecTpoeK. ,Z],pyrHMH cjiOBaMH, npo(J)a3Hbie xpOMOCOMbi I 
MeiiOTHHecKoro aeJieHHa He HaxoaaTca b cocToaHHH (jiyHKpHOHajiBHoro noxoa, a 
yaacTByiOT b pejiOM paae coObithh. 

CTaaHH npo(j)a3bi I MeiiOTHHecKoro aejieHHa 

Bca npo(jia3a I mchothhcckoto aejieHHa coctoht H3 He ckojibkhx CTaanii: 
jienTOTeHa - CTapaa tohkhx HHTeii (xpomocom), mroTCiia - CTaana cjiHBaioipHxca 
(oSbeaHHaioipHxca, KOHbiorHpyioipHx) HHTeii, naxHTeHa - CTaana tojictbix hhtch, 
aHnjiOTeHa - CTaana aBOHHBix HHTeii, anaKHHe3 - CTaana pacxoaaipHxca HHTeii (pnc. 
335). 
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H3 Bcex CTa^HH npo(J)a3Bi I caMOH aaMTeabnoM aBaaeT ca CTaaiia naxHTeHBi, b 
pa,ne cayaaeB OHa 3aHHMaeT 50% BpeMeHH. 

Tax, y aeaoBexa npn cnepMHoreHe3e CTa^HH jienTOTeHBi c 3HTOTeHOH 
3aHHMaK)T 6,5 cyT, naxannia- 15, annaoTena h anaKHiiea - 0,8; y mbihih aenTOTeHa c 
3HroTeHoii aaaTca oxoao 3 cyroic, naxHTeHa - 7 cyroic, annaoTena c HnaxHneaoM - 
OKoao 2 cyTOx; y TpHTOHa aenTOTeHa 3aHHMaeT 5 cyT, 3HroTeHa - 8, naxirreHa - 4-5, 
annaoTena - 2 cyT; y aoMauinero CBepaxa aenTOTeHa n 3nroTeHa 3aHHMaK)T 2-3 cyT, 
naxHTeHa - 6-9, annaoTeHa - 2. IIo cpaBHeHHK) c o6bihhbim mhto30m 
npoaoaacHTeaBHOCTB ae-nenna xaerox b npopecce Meno3a HecpaBHHMO a-JinTeaBHee. 
3to ocoSeHHO HaraaaHO bhttho npn co3peBaHnn aceHCxnx noaoBBix xaerox y 
aCHBOTHBIX, y KOTOpBIX aHIjeXaeTXH MOTyT OCTaiiaBa H BTTBCa B pa3BHTHH Ha 
HecKoaBKO MecapeB h aaace aeT b CTaann annaoTeHBi npo(J)a3Bi I-ro MenoTHnecxoro 
aeaeHHa. 

Y pacTeHHH Meilo3 Taxace HaMHoro a-JiHHHee MHT03a no BpeMeHH. Tax, y 
TpaaecxaHpHH Been Meik>3 3aHHMaeT oxoao 5 cyT, H3 xoTOpBix Ha npo(J)a3y I-ro 
aeaenna npuxoanTca 4 cyT, ho BCTpewaiOTca bh^bi, y xotopbix mcho3 i-ihct co 
CXOpOCTBK), COH3MepHMOH C MHT030M. 

JlerrroTena . nan CTaana tohxhx HHTeii, m o p (}) o a o ni h e c k h HanoMHHaeT panmoio 
npoc|)a3y MHT03a, ho OTanaaeTca TeM, hto npn Meno3e aapa oSbihho xpynHee h 
xpomocombi ohciib TOHxne, Tax hto npocaeaHTB hx no Been aanne ohciib Tpyano 
(pHC. 335a). 

Manila xaacaoil m e h oth h e c xo h xpomocombi Ha paHHHx CTaanax Meilo3a MO>xeT 
6BITB B 10-100 pa3 SoaBHie HHMIIBI COOTBeTCTByiOLHMX MHTOTHHeCXHX XpOMOCOM. 
Cae^OBaTeaBHO, MenoTHaecxHe xpomocombi hmciot MeHBHiyio CTeneHB 
xoMnaxTH3au,HH, ohh npHMepHO b 30 pa3 MeHee xoMnaxTHBi, hcm xpomocombi b 
MeTa(|)a3e Meii03a. B aenTOTeHe xpomocombi yuBoeHBi, ho cecTpHHCxne xpOMaraaBi b 
hhx aaaexo He Bceraa yaaeTca pa3aHHHTB (Tax ace xax b xpOMOCOMax b paHHeii 
npoc|)a3e MHT03a). TaxHM o6pa30M, b aenTOTeHe coaepacHTca annaonaHoe 
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KOJIHHeCTBO (2n) CflBOeHHLIX CeCTpHHCKHX XpOMaTHfl, o6mee KOJIHHeCTBO 
nocneflHHx, Kax h npn MHT03e, paBHO 4n BcaeacTBHe peaynaHxaiiHH b S-nepnoae. 

PacnoaoaceHHe xpomocom b nenTOTeHe nacTO noBTOpaeT Tejiocj)a3HyK) 
nonaproapmo napa. IIpH stom y HeKOTOpBix >khbothbix xpOMOCOMBi o6pa3yK)T Tax 
Ha3BiBaeMyK> (J)Hrypy «6yKeTa» - ayrooSpaano H3orHyTbie c6aH>xemibie xpomocomm, 
CBHsamibie cbohmh TenoMepaMH c aaepHOH oSohohxoh. Y HexoTOpbix pacTemiH b 
KOHpe nenTOTeHbi xpomocomm coSnpaiOTca b xay6ox (cnHe3Hc). 

XapaxTepHbiM ^Jia nenTOTeHbi hBjIhct ch noflBaemie Ha tohkhx xpOMOCOMax 
CryCTKOB XpOMaTHHa - XpOMOMepOB, KOTOpbie Kax 6bl HaHH3aHbI B BHae OyCHIIOK H 
pacnoaaraiOTca no Been ^jiHHe xpomocomm. Hhcjio, pa3Mep h pacnoaoaceHHe Taxnx 
xpOMOMepHbix ynacTxoB xapaxTepHbi ^Jia xaixaon xpomocomm. 3to no3BoaaeT 
cocTaBJixTb m o p cfi oa o r h h e c k h e xapTbi xpomocom h Hcnojib30BaTb hx j\jih 
h htOj! o r h h e c ko ro anaaixia. Bncao XpOMOMepOB pa3JiHHHO y pa3Hbix oSbexTOB: Bcero 
y TpHTOHa Ha 12 xpOMOCOMax hx 2,5 tbic., y CBepnxa - oxojio 200, y pnea Ha 24 
xpomocomm - 645. 

B aenTOTene naHiinaeT BbiaBaaTbca caeayiouniH, npe3BbinaHHO BaacHbiH h 
xapaxTepHbin aaa Meno3a npouecc Koiibioramm roMoaononibix xpomocom, hx 
coaH/xemie, xoTOpoe iiaHHiiaeTCH b TeaoMepHbix yaacTxax, CBjnamibix c aaepnoil 
oooaoHKOH. B 3thx MecTax oopasyeTCH caoacHaa cncmiaabiiaH CTpyxTypa - tjdx 
SeaxoBOH npnpoflbi, cimanTOHeMHbiH xoMnaexc . xoTopbin no3)xe, b inroTene CBaaceT 
roMoaorHHHbie yaBoemibie xpOMaTH^bi no Been hx aanne. 

3HroTeHa - caaaMa npoxo/xaenini xonbioraiiHH roMoaorHHHbix xpomocom 
(cHHancHc). IIpH 3 tom roMoaorHHHbie xpomocomm (yace flBOHHbie nocae S-nepnoaa) 
c6aH>xaiOTCH h oSpaayiOT hobbih xpomocomhbih ancaiviSab, nuKoraa ao stoto He 
BCTpenaKDHiHHca npn xaeTOHHOM aeJieHHH, - OnBaaeHT (pnc. 336). BHBaaeHTbi - sto 
napHbie coeanneinni yaBoemibix roMoaorHHHbix xpomocom, T.e. xaacabiii oiiBaaeiiT 
coctoht H3 HCTbipex xpoMaraa. TaXHM o6pa30M, HHCHO OMBaaCIITOB Ha flapo 6yaeT 
paBHO ranaonanoiviy nncay xpomocom. Taxon nopaaox oobeannemni BnaoH h Ha 
caeayKtHien, naxHTeHHOH CTaann, a Ha CTaann 3HroTeHbi oh tohbxo naHiniaeTca, h 
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BHflHMO, HMeHHO 3Ta CTaana KaK-TO onpeaeaaeT TeneHHe aamioro npopeeea, bo 
MHoroM eme Henomrraoro. ^eiiCTBHTejiBHO, KaK b npocTpaHCTBe aapa xpomocombi 
naxoaaT He npocTO cocepa, a tohbko opnoro cnemi (Jim nee koto roMoaora, kbk ohh 
pacnoaaraKDTca o^hh oxoao apyroro - 3th Bonpocti eme ao KOHpa He BbiacHeHbi. 

OflHaKO 6biao HaiiaeHO, hto, b OTaHHHe ot MHT03a, b npo(J)a3e Meii03a, a hmchho 
Ha 3HroTeHHoii CTa^HH CHHTe3HpyeTca HeSoabinoe (0,3% ot Been ,Z)HK KaeTKH) 
KOJiHHecTBO cneu,Hcj)HHecKOH ^HK, noayHHBHieH Ha3BaHHe z^HK. Y anaeimbix 
z,Z(HK oSorameHa T-IJ, napaMH, coctoht H3 yHHKaabHbix noeaeaoBaTeabHOCTeii 
HyKaeoTHflOB. 3Ta /(HK pacnpeaeaeHa HeSojibiHHMH ynacTKaMH no Been a-JiuHe 
XpOMOCOM JIHJIHH. IIpH OOblHIIOM M HTOTHHe CKO M H H KH 6 OHa CHHTe3HpyeTCa 
OflHOBpeMeHHO C OCHOBHOH MaCCOH ,ZJHK, HO npH MeH03e - TOabKO B 3HTOTeHHOH 
CTa^HH. Bbiao oSHapyaceHO, hto ecan Ha CTaann 3HTOTeHbi noaaBHTb c noMombio 
hhthShtopob 3tot HeSoabHiOH ^onoaHHTeabHbiH chhtc3 ,EI,HK, to KOHbiorau,Ha 
xpOMOCOM npeKpaTHTca. Ha ocHOBaHHH noayHemibix aamibix 6biao caeaano 
npeanoaoaceHHe, hto cneu,H(J)HHecKHe no CBoeMy CTpoeHHio ynacTKH z/)HK Ha 
roMoaorHHHbix xpOMOCOMax eme Ha G2-CTaaHH HHTep(j)a3bi oou,HTa «y3HaK)T» apyr 
apyra h Ha neKOTopoe BpeMa o6pa3yiOT CTaOnabiibie CBa3H, neoOxoauMbie aaa 
3aicpenneHHH xpOMOCOM oana Baoab apyron. nosanee 3Ta CBa3b ocyuiecTBaaeTca 
yace c noMombio hhoh CTpyKTypbi, a hmchho c noMombio cimanTOHeMHoro 
KOMnaeicca (pnc. 337). OSTeaHHeHne roMoaoroB name Bcero HanHHaeTca b 
TeaoMepax h peHTpOMepax. B sthx MecTax, a no3aHee h b apyrnx no Been a-JiuHe 
coeaHHaKDHiHxca xpOMOCOM nponexoaiiT cSanaceHHe oceBbix TH/Keii Ha paccToaniie 
OKoao 100 hm, Meacay hhmh o6pa3yiOTCfl cbiokh, h Tax nponcxoaHT (jDopMHpOBaHne 
noaHoii CTpyKTypbi CHHanTOHeMHoro KOMnaeKca. no Mepe cSaHaceHHH h CBHibiBaniui 
roMoaoroB 3tot KOMnaeKC pacTeT noaoono TOMy, KaK aeiiCTByeT 3acTeacKa «MoaiiHH»: 
aBe aeHTbi oobeanninoTca b oaHy. B KOHpe 3nroTeHbi Bee roMoaoni He tohbko Hainan 
apyr apyra, HO h TecHO oSbeanHHHHCb c noMombio CHHanTOHeMHoil CTpyKTypbi 
(pnc. 338). 
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CHHanTOHeMHMH KOMiuieKC (CK) BCTpenaeTca npaKTHHecKH y Bcex 
npeacTaBHTeaeH syxapHOT, KOTOpBie oSaaaaiOT nojiOBBiM npoueccoM. Oh o6napy>Keii 
y npocTeHHiHx, BOflOpocjieil, hh3hihx h bbichihx rpH6oB, y bbichihx pacTeHHH h y 
5KHBOTHBIX. IIo CBOefi MOp(])OJIOrHH OH HMeeT BHfl TpeXCJIOHHOH JieHTBI, COCTOHIHCH 
H3 AByX SOKOBBIX KOMnOHeHTOB - TH5KCH (tOJIHIHHOH 30-60 HM), U,eHTpaJIBHOrO 
oceBoro sjieMeHTa (tojiihhhoh 10-40 hm); SoxoBBie komhohchtbi otctoht flpyr ot 
flpyra Ha 60-120 hm, o6man mnpHHa KOMnjieKca 160-240 hm (pnc. 339). MaTepnaji 
xpOMOCOM pacnojiaraeTCfl CHapy>KH ot Sokobbix 3JieMeHTOB. Ka>x,nBiH Sokoboh 
3JieMeHT CBHian c neTJiaMH flByx cecTpHHCKHx xpoMaTHa oanoro roMOJiora. EojiBHiaii 
nacTb ^HK sthx xpOMara^ HaxoflHTCH BHe CK, h jihhib MeHee 5% tchomhoh ^HK 
BxoflHT b ero cocTaB, npoHHO accou,HHpyflCB c SejncaMH CK. B cocTaB stoh /)HK 
Bxofl^T yHHKajiBHBie h yMepeHHO noBxopaiouineca n o cji eao BaTCJi b n o c t 11 

HyKJieOTHflOB. EeJIKOBBIH COCTaB CK CJI05KCH, OH COCTOHT 6oJiee HeM H3 10 
Ma^KOpHBix 6enKOB c MOJi.MaccaMH ot 26 K,Z],a ^o 190 K^a. 

IIojiHoe c6jiH>KeHHe SnBajieHTOB h hx CKpenjieHHe c noMom&io CK nponcxo^HT 
Ha cjie^yiOHieH CTa^HH, Ha CTa^HH naxHTeHBi. 

IlaxHTeHa - CTa^na tojictbix hhtch, HasbiBaeTca Tax noTOMy, hto Saaroaapa 
nojiHoii KOiiBiorauHii tomojiotob npocj^asiiBie xpomocombi xax 6bi yBejiHHHJiHCB b 
TOJlHJHHe. HhCJIO TaKHX TOJICTBIX naXHTCHHBIX xpOMOCOM TanJIOHflHO (In), HO OHH 
COCTOHT H3 flByX o6b CJI M 1 1 H BHIHXC H TOMOJIOTOB, KB/kTIBIM H3 KOTOpBIX COCTOHT H3 flByX 
CeCTpHHCKHX XpOMaTHfl. CjieflOBaTCJIBHO, H 3fleCB KOJIHHeCTBO ^HK paBHO 4c, a 
HHCJIO XpOMaTHfl - 4n. 

Ha 3TOH CTa^HH npOHCXOflHT BTOpOe, Hpe3BBIHailHO Ba>KHOe co6bithc, 
xapaKTepiioe juih Meii03a - KpoccHHTOBep . B3aHMHBiii o6mch h^chthhhbimh 
ynacTKaMH no /Uimie tomojiothhcckhx xpOMOCOM. reiieTiiHCCKii m caeacTBiieM 
KpOCCHHTOBepa HBJIHeTCH peKOM6HHaU,HH CU,enJieHHBIX reHOB. 3fleCB B03HHKaiOT 
OTJiHHHBie ot HexoflHBix xpomocombi, coaep'/Kamne OTflejiBHBie ynacTKH, npiiuieauine 
OT HX TOMOJIOTOB. MopcjDOJIOTHHeCKH 3TOT npOIl,eCC B naXHTCHe yjIOBHTB HCJIB3H. Ho B 
^ajiBHeiiHieM, b flHnjiOTeHe, xor^a HannHaiOT pacxo^HTBCH OnBajieHTBi, ohh ocTaiOTCH 
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CBM 3 aHHbIMH B HeCKOJIBKHX TOHKaX, XMaiMBX , KOTOpBie CHHTaiOT C O OT B CT C T By I O LH M M H 

MecTaM oSMeHa (pnc. 340). 

Bbijio oonapy/Keno, hto b naxmeHe TaioKe npoHCxo^HT ciniTej HeSojibinoro 
KOJiHnecTBa ,H,HK (1% ot reHOMa), OTJiHHaiomeHCH tcm, hto OHa conep'/KMT 
noBTOpHiomHecH nocjieflOBaTejibHOCTH HyKJieTHflOB. Ho stot chhtc3 penapaTHBeH, b 
pe3yjiBTaTe ero He oopaayiOTca .zionojiHHTejibHbie hjih nenocTaiomne KOJiHHecTBa 
,Z)HK, a npoHexoflHT BOCCTaHOBJieHHe yTpaneHHbix. Beet npopecc 06'BeflHHeHHH h 
oOMena Me>KHy /THK HececTpHHCKHx xpoxiaTHa tomojiotob mo>kho npencTaBHTb 
cjieflyKDiHHM o6pa30M. no fljiHHe xpOMOCOMBi pa36pocaHbi ynacTKii noBTopHiomuxcH 
nocjieflOBaTejiBHOCTeH ,Z)HK, KOTOpBie npn pa3pbiBax c noMombio cnepHajibHbix 
(J)epMeHTOB jierKO MoryT o6pa30BaTB niopMnnbie MOJieKyjibi. CniHBaHHe h 
BOCCTaHOBJieHHe pejiocTHOCTH MOJieicyji c noMombio cneu,HajibHbix penapaTHBHbix 
(J)epMeHTOB npHBOflHT K BKJHOHeHHK) npeflHieCTBeHHHKOB B ,Z)HK Ha CTa^HH 
naxHTeHbi. no Been BepOHTHOCTH, b stom npopecce npHHHMaeT ynacTHe t.h. 
peKOMpHHaHHOHHblH V3eJIOK - SoJIbHIOH SeJIKOBblH aHCaMSjIb BeJIHHHHOH OKOJIO 90 
hm. Oh paenojiaraeTCH b CHHanTOHeMHOM KOMnneicce MOK^y tomojiothhhbimh 
xpOMOCOMaMH, ero pacnojio>KeHHe coBna^aeT c MecTaMH xna3M, r^e npoHCxo^HT 
KpoccHHTOBep. B kohchhom pe3yjibTaTe b Meno3e nocjie BTOporo flejiemni 
npoH3oiifleT He tojibko o6pa30BaHHe raMeT c ranaonjinbiM hhcjiom xpomocom, ho b 
KajK^OH raMeTe MoryT 6bitb xpOMOCOMbi hhbix cbohctb, hcm b hcxoahbix KJieTKax. 

B naXHTeHHOH CTaflHH HaHHHaeTCH aKTHBaU,HH TpaHCKpHni],HOHHOH aKTHBHOCTH 
xpOMOCOM. Hivienno b sto BpeMJi b /KencKiix nojiOBbix KJieTKax npoHCxo^HT 
a m n a h c}) h k a h h a pnoocoMiibix tchob, hto npiiBOHHT k noaBaemno ^onojiHHTejibHbix 
HflpblHieK. Ha 3 TOH 5 Ke CTa^HH HaHHHaiOT aKTHBHpOBaTbCH HeKOTOpbie XpOMOMepbl H 
H 3 MeHneTCH CTpyKTypa xpomocom; ohh npHoSpeTaiOT bh^ «jiaMnoBbix meTOK» 
(«epHIHKOB» flJIH HHCTKH nOCyflbl). OcoSeHHO OTHeTJlHBO 3 TH H 3 MeHeHHH BHflHbl Ha 
CTa^HH flHnjiOTeHbi. 

jin naoTena - CTa^na abohhbix hhtch (pnc. 339). Ha stoh CTa^HH Meikm 
npoiicxoHHT OTTajiKHBaHHe tomojiotob flpyr ot £pyra, KOTOpoe nacTO iiaHiinaeTca b 
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30He u,eHTpOMep. Ho npH stom napBi cecTpHHCKHx xpOMaraa Kaacaofi roMoaonmnoH 
xpOMOCOMBi ocTaiOTca coeflHHeHHMMH Meacay co6oh b peHTpOMepHBix paiiOHax H no 
Been flJiHHe. B sto BpeMa cecTpnHCKne xpOMaraaBi oth cth h bo BBiaBaaiOTca b 
CBeTOBOM MHKpocKone. no Mepe ott an k h Ba n h a xpomocom b OnBaaeHTax xopomo 
BHflHBi xna3Mti - MecTa nepeKpecTa n cpenaeHHa xpomocom. Tojibko b sthx 
ynacTKax coxpanaeTca CTpyKTypa CHHanTOHeManBHoro KOMnaeicca ; b pa30HieaniHxca 
paiiOHax oh ncneiaeT. Pacnoaoacenne xna3M MoaceT 6bitb paianHHBiM y pa3HBix 
BHflOB Ha pa3HBIX XpOMOCOMaX. BoJiee flJIHHHBie xpOMOCOMBi HMeiOT SoJlbHie XHa3M, 
hcm KOpOTKHe, ho h caMBie KOpOTKHe MoryT HMeTB oany xna3My Ha oh Baa cut. Ecan 
HMeeTca oaHa TOHKa KOHTaKTa, to OnBaaeHT npnoOpeTaeT BHa KpecTa, ecnH aee - to 
BH a neTJiH nan paaa neTeaB, ecan xna3M OoaBine aByx (pnc. 340). 

B aHnaoTennoH CTaann nponcxoaHT neKOTopoe yKopaHiiBanne h Konaencamia 
xpomocom, b pe3yaBTaTe aero OTHCTaiiBO BBiaBaaeTca hx 4-HHTHaraa CTpyKTypa. B 
30He XHB3M npH 3TOM BHflHO, HTO B nepeKpeCT BOBaeKaiOTCH TOaBKO aBC XpOMaTHflBI 
H3 aeTBipex - no o^hoh ot icaacaoro roMoaora (pnc. 341). 

Ha 3TOH CTa^HH xpOMOCOMBi npHOSpeTaiOT BHfl «aaMnOBBIX meTOK» (cm. pHC. 
104). Ha BBiaeaemibix xpOMOCOMax stoh CTaann bh^ho, hto KaacaBiH roMoaor b 
OHB aaeiiTe OKpyaceH kbk 6bi BonaoicoM, cocToauniM h3 neTancTBix HHTnaTBix 
CTpyKTyp. npH 3 TOM OBIHO OOIiapyaceilO, HTO nCTHH napHOCHMMeTpHHHBI, H Ka'/Kaaa 
napa otxoaht ot xpOMOMepa, pacnoaoaceHHoro Ha xpOMOCOMHOH och. 3Ta ocb He 
hto HHoe, Kax aBe cnapeHHBie cecTpHHCKHe xpOMaraaBi, a xpOMOMepBi - sto 
aBOHHBie ynacTKH KOHacHCHpOBaHHoro xpOMaTHHa, neTan ace npeacTaBaaiOT co6oh 
aeKOHacHCHpOBaHHBie ynacTKH aKTHBHoro, (J)yHKu,HOHHpyiomero xpOMaTHHa. 
XapaKTepHBiM aBaaeTca to, hto ohh coaepacaT SoaBinne KoannecTBa PHK, KOTOpaa 
3aecB ace h CHHTe3HpyeTca. 3Ta PHK othochtch no cbohm xapaicrepHCTHKaM k 
HH(J)OpMaU,HOHHOH. 

Haanane aKTHBHBix xpomocom b annaoTene pe3KO OTannaeT Meii03 ot MHT03a, 
rae, HanHHaa c npocf)a3Bi, noaHOCTBio npeicpamaeTca chhtc3 PHK. AKTHBapna 
TpaHCKpHnu,HH b naxHTeHe h ocoOemio b annaoTeHe nacTO coBnaaaeT c poctom 
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(jDOpMHpyiomJixcfl nonoBLix KJieTOK, hto ocooenno xapaicrepHO fljia ooh,htob. Kax pa3 
b 3to BpeMa KJieTKa khtchcmbho c HHTe 3Hpy eT h 3anacaeT Sejixn, Heo6xo,a,HMbie fljia 
ooecneHemin paHHHx CTa^Hii pa3BMTMn 3apoflBima. JXnn stoto nponcxoanT chutci 
orpoMHoro xojiHnecTBa p 1160 com Ha a m nan cj) h hii p o b a n n b i x aflptmiKax h 
HH(j)OpMaU,HOHHOH PHK Ha SOKOBBIX neTJIMX XpOMOCOM. 

^[HaKHHe3 xapaKTepH3yeTca yMeHBHieHHeM nncna xna3M, yxoponeHHeM 
SHBajieHTOB, noTepeii impbimex. EHBajieHTbi npnoSpeTaiOT 6onee KOMnaKTiiyio 
(J)opMy, MecTa coenmieinui tomojiothhhmx xpomocom oxaabiBaiOTCH 
paCnOJIO>KeHHbIMH Ha HX KOHU,aX TepMHHaJIbHO. XpOMOCOMbI TepfllOT CBH3II c 
a^epHOH oSojiohkoh. 3Ta CTa^na aBJiaeTca nepexo^Hoii k coSctbchho ^ejieHHK) 
KJieTKH. B MeTa(J)a3e I /lejieHHn Meii03a SHBajieHTbi BbiCTpaHBaiOTai (icaic h 
nojiaraeTca a jm MeTacJ)a3bi) b 3XBaTOpHajibHOH njiocKOCTH BepeTeHa. 

B aHa(jia3e I ^ejieHHn coBepmaeTca eme o^ho BamieiiHiee coSbiTHe - 
pacxo)KfleHHe xpomocom. Ho, b otjihhhc ot MHT03a, pacxofl^Tca He cecTpHHCKHe 
XpOMaTHflbl, a rOMOJIOrHHHbie XpOMOCOMbI, COCTOJIHIHe H3 HByX CeCTpHHCKHX 
xpOMarafl (pHC. 342). Ecjih opeHHBaTb co6bxrmi stoh (|)a3bi, to bh^ho, hto npn 
aHa(|)a3e no pa3HbiM KJieTKaM pacxonaTCH ajuiejibHbie reHbi, pac n oji a ra 10 uni e c h b 
pa3Hbix roMOJiorax. PacnpeflejieHne >xe tomojiotob no KJieTKaM coBepmeHHO 
cjiynaiiHoe, Tax hto nponcxo^HT CMemeHne, nepexoMSHHapHii xpomocom H3 pa3Hbix 
nap. Ecjih opeHHBaTb o6pa30BaBHiHecH xpOMOCOMHbie HaSopbi, ot 06a ohh co,nep>xaT 
no 2c KOJinnecTBa /)HK h no 2n HHCJia xpOMara^, h 6 o xa^aii xpOMOCOMa b nape 
TOMOJIOTOB COCTOHT H3 flByX XpOMBTHH- B 3TOM OTHOfflCHHH peflyKTl,HH HHCJia 
xpOMOCOM (xpOMarafl) eme He npoH3omjio, ho b ^Ba pa3 npoH3omjio yMeHbmeHHe 
reHeTHHecKoii pa3HOpo,HHOCTH, Tax xax Tenepb b xa^x^OM xpomocomhom HaSope hct 
ajuiejibHbix reHOB. 

Bcaea 3a Tejio(J)a30H I nejienHJi caeaycT xopOTxan unTcpcjjaaa, b xoTOpoii He 
npoHCxo^HT CHHTe3a /THK, h xjictxh npHCTynaiOT x cjie^yiOHieMy flejieHHio, xoTOpoe 
no Mopcjiojiorn h noejieflOBaTejibHOCTH He OTJiHHaeTca ot mbtothhccxoto ^ejieHHn: 
napHbie cecTpHHCxne xpOMaTH^bi, CBH jamibie b ueiiTpoMepiibix ynacTxax, npoxoflUT 
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npo(jia3y n MeTa(J)a3y; b aHacJme ohh pa3be,HHHinoTOi n pacxopiiTai no o^hoh b 
nonepiine KJieTKH. TaKHM o6pa30M, npn II m enoTnne cko m neneinm KJieTKa c 2c 
KOJinnecTBOM /)HK n 2n hhcjiom xpoiviaTM,a, pejracb, paeT naia.no pByM KJieTKaM c 
ranjionflHBiM conep>KanHeM ^HK n xpomocom. B OTHomeHnn nncjia CTpyicrypHBix 
eflHHHii,, xpOMarafl, II pejieHne Meno3a hBjIhct ch penyKniioinibiivt. Omaro TepMHH 
«peflyKii,HOHHbiH» ynoTpeonneTcn TaK>Ke n b o 6 lh e re ii e t h h e c ko m CMbicne n 
othochtcii k pacmenjieHHio ajuienen, n b 3tom CMbicne pepyKpnoHHbiM jrejnieTCJi I 
pejieHne Meno3a, Korpa b KJieTKH nonapaeT no o^hoh H3 ajuienen (pnc. 343). 

B pe3yjibTaTe Bcero npopecca Meno3a nocne pByx pejieHnn H3 o^hoh KJieTKH 
oopaayiOTCH neTbipe rannon^Hbix, Kancpan H3 KOTOpbix OTJinnaeTOi no CBoen 
reHeTnnecKon KOHCTHTyu,nn (pnc. 344). 

Kax bo BpeMn MHT03a, Tax n npn pacxoncpeHHH xpomocom b I n II pejieHnn 
Meno3a nponcxopnT cjiynanHoe pacnpenenemie xpomocom no HOiepninvi KJieTKaM. 
3 to h co3^aeT reHeranecKoe pa3HOo6pa3ne b B03HHKaK)innx rannon^Hbix nonoBbix 
KJieTKax. Tax, HanpnMep, b jTnnjTon/TnbTx KJieTKax c hhcjiom xpomocom paBHbiM pByM 
nocne Meno3a oopanyeTcn 4 pa3JinnHbie KJieTKH. T.e. hhcjio BapnaHTOB 6yneT paBHO 
2 n . y nejiOBeKa nee nocjie Meoii3a MonceT B03HHKHyTb HecKOJibKO mhjijihohob 
pajnHHaiounixcH kictok, pance ecjin 6yneT ncKjnoneH KpoccnHroBep, KOTOpbin 
yBejiHHHT 3 to pa3HOo6pa3ne eine bo mhoto pa3. 

3aBepmeHne Meno3a pjw MynccKnx n nceHCKnx tohou,htob pa3JinnHoe. npn 
Meno3e cnepMaToroHneB B03HHKai0T 4 o^HHaKOBbix no pa3Mepy cnepMaTopnTa, 
KOTOpbie 3aTeM Hncjx})epenmipyiOTCfl b cnepMaT03onpbi. 

npn Meno3e ootohhh KapTHHa HHa a. IlepBoe pejieHne co3peBaHHn ( I 
MenoTnnecKoe pejieHne) npnBopnT k TOMy, hto ot Sojibihoto oopnTa OTpejweTOi 
MejiKaa KJieTKa - HanpaBHTejibHoe Ten me. npn II neneinni nponcxopnT TaKnce 
HepaBHoe pejieHne: ot oopnTa OTpejweTca BTOpoe HanpaBHTejibHoe Tejibpe, a nepBoe 
TaKnce pejiHTcn. IIoiTOMy B03HHKai0T neTbipe KJieTKH: KpynHan 3pejian nnpeKJieTKa n 
Tpn MejiKHx HanpaBHTejibHbix Tejibpa, KOTOpbie 6biCTpo nerenepiipyiOT. 
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Eiaea 26. PeryjumHH KJieTOHHoro iimoia 

KneTOHHLiH ii,hkji npeflCTaBaaeT co6oh oanoiianpaBaemibm npouecc, rae KJieTKa 
nocjieflOBaTejiBHO npoxoaHT pa3Hbie ero nepHOAbi, 6e3 hx nponycxa hjih B03BpaTa k 
npeabiaymuM c Tan ham. BcTynHB b KaeTOHHbiH h,hkh, KJieTKa ero laKanmiBaeT 
CHHTC30M ^HK H ^eJICHHCM KJieTKH (pHC. 345). 

OflHaKO, Kax yace roBOpHJiocb, khctkh MoryT bbixo^htb H3 lui km a, nepexo^HTb b 
CTaaHIO nOKOH, HJIH B Go-CTa^HK). B MHOrOKJieTOHHbIX OpraHH3MaX Mlionie KJieTKH 
TepHIOT CnOCOSHOCTb K npOJIH(j)epaU,HH, K pa3MH05KeHHI0, TepHIOT CnOCOSHOCTb 
nepexoflHTb H3 CTanMii noKoa b nepByio CTanmo npoamfiepamm, b Gi-CTaanio, 
KOTopaa iiaHiinaeT nyTb kjictkh k ee aeaemiio. K TaKHM KJieTKaM othochtch 
HeiipOHbi, k a p a h o m h o u H t b i , KJieTKH xpycTajiHKa h mho rae apyrae. CymecTByiOT 
Taxace opraHbi c peara neaii uni much KJieTKaMH; TaK, HanpHMep, khctkh ne L iemi 
MoryT BxoflHTb b KJieTOHHbiii u,hkji nepe3 HecKOJibKO MecapeB noKoa. BbiCTpo 
p ai m no'/KaiouiiiecH kjictkh B3pocjibix opraHH3MOB , TaKHe KaK KpOBeTBOpHbie, hjih 
6a3ajibHbie kjictkh TimaepMHca h tohkoh khuikh MoryT BxoflHTb b KaeTOHHbiH u,hkji 
barbie 12-36 nacoB. CaMbie KOpOTKHe KJieTomibie u,hkjibi, okojio 30 mhh, 
naSaioaaiOTCH npn 6biCTpOM apoOaemm hhh, hh3hihx opraHH3MOB (iiraoKoame, 
3eMHOBOflHbie). B 3KcnepHMeHTajibHbix yea ob mix kopotkhh (20 nac) KaeTOHHbiH 
u,HKJi HMeiOT mho rae jihhhh KJieTOHHbix Kyjibiyp. 

Hto onpeaenaeT BCTynaemie kjictok b npoaiicjiepamno h hto onpeaeaaeT 
3aKOHOMepHyio noeaeaoBaTenbHOCTb cmchbi nepnoaoB KneTOHHoro u,HKaa - tth 
B onpocw aoaroe BpeMa ocTaBaancb 6e3 OTBeTa. 

Cwrajiocb, hto ana nan an a BCTynnemm b KaeTOHHbiH mi km iieooxoHHM pocT 
5KHBOH Maccbi KneTKH, o6pa30BaHHe BemecTB flaa ^eaeHHii, b nacTHOCTH /(HK h 
oeara, co3aaimn onpeaeaemioro ypoBiui mepreTiiHecKiix 3anacoB h T.a. 

OlaKTOp CTHMyaapHH MHT03a 

Pacmn(J)pOBKa peryaau,HH npopeccoB KaeTOHHoro aeneHHH Hanaaacb b 70e roflbi 
npomaoro BeKa, roraa oblih naiiaeiibi MeToari chhhhhji pa3Hbix KaeTOK, MeTOHBi 
noayHeumi reTepOKapHOHOB (o hhx cm. raaBy 2). OKa3aaocb, hto mohcho noayHHTb 
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CJlJMHHe He TOJIBKO HHTep (j) a3HBIX KJieTOK C HHTep (J)a3HBIMH, HO H HHTep (jia3HBIX C 
MHTOTHHeCKHMH KJieTKaMH (pHC. 114 ). IIpH 3TOM o6Hapy>KHJIOCB yHHBHTCJIBHOe 
yzjHBHTejiBHoe ABnemie: b TaKoii niopHanoil KJieTKe, me 6bijih m h tot h h e c k h e 
XpOMOCOMBI OflHOH H3 HCXOflHBIX KJieTOK, B flflpax OT HHTep (J)a3HBIX KJieTOK 
HanHHajiacB KOH^eHcapHa xpomocom, pa3pymajiacB a^epHaB odojiOHKa h 
o6pa30BBIBaJIHCB T.H. npOK^eBpeMCHHO KOH^eHCHpOBaHHBie XpOMOCOMBI (IIKX HJIH 
PCC - preliminary condenced chromosomes). npmieM CTpyKTypa IIKX 3aBHcejia ot 
CTa^HH HHTep (jia3Horo mpa: b mpe ot Gi khctkii iiohbjhijhicb ojmonnTHaTBie 
fljiHHH&ie IIKX, b aflpe ot G 2 KJieTKH IIKX 6bijih flBoiiHBiMH (t.k. nocjie S-nepnona 
XpOMOCOMBI yUBOHJIHCB). 3 tH HaSjIIOfleHHII HaBOflHJIH Ha MBICJIB, HTO npH CJIHUHHH 
TaKHx KJieTOK Ha HHTep (|)a3HBie aflpa neiicTByiOT KaKHe-TO (jiaKTOpBi, conep'/Kauniecfl 
B MHTOTHHeCKHX KJieTKBX. 

^jib npoBepKH 3Toro npeflnojiojKeHHn 6bijih nocTaBJieHBi ohbitbi co cnmnnieM 
KJieTOK Ha pa3HBIX CTa^HBX KJieTOHHOTO U,HKJia (CM.TadjI.) 

Ta6jiHua. P e 3yjiBT aTBi cjihhhhh kjictok Ha pa3HBix CTa^HBx (Gi, S, G 2 M) 
KJieTOHHOTO U,HKJia 


IIcXOHIIBie 

reTepOKapHOH 

KJieTKH 


G 2 ^Gi 

HeT BJIHUHHH 

S -4 Gi 

Chhtc3 ^HK 

s_g 2 

HeT BJIHUHHH 

M_>G, 

M(nKX) 

M S 

M(nKX) 

m_g 2 

M(nKX) 


3th 3KcnepHMeHTBi 6bijih nononnenbi TeM, hto hbctb u,HTonjia3MBi mhto3hoh 
KJieTKH HHBepHpOBaJIH B U,HTOnJia3My Gi-HHTep(|)a3HOH KJieTKH. 3t0 npHBOflHJIO K 
nOHBJieHHK) B Bflpe HHTep(jia3HOH KJieTKH IIKX. H 3 3THX HadjIIOfleHHH 6biji CfleJiaH 
BBOfl O TOM, HTO B U,HTOnJia3Me MHTOTHHeCKOH KJieTKH eCTB (jiaKTOp (HJIH (jiaKTOpBl), 
CTHMVJiHpyiofflHe MHTQ3 (OCM hjih MPF - mitosis promoting factor). 3tot (jiaKTOp 
BBI3BIBaeT He TOJIBKO KOH^eHCaU,HIO XpOMOCOM, HO H npHBOflHT K pacna^y BflepHOH 
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oSohohxh, T.e. nepeBOflHT iniTepcjmnyio KJieTKy, na>xe 6e3 CHHTe3a ^HK, b 
MHTOTHHecKoe cocToamie (KoneHiio, ^ajitme noaBaenna xo nae nc h po Ban n bi x 
XpOMOCOM pa3BHTHe MHT03a He HfleT). 

IlapajiJiejiBHO c sthmh naSaionemiaMM 6bijih npoBeaeiibi axcnepHMeHTbi Ha 
co3peBaiomHx h apoSanmxca aiiiiexneTxax aarymex X.laevis (pnc. 346). 

Oou,ht X.laevis nocjie penaHxapHH /)HK h xopOTxoii Go-CTa^HH nepexo^HT b 
MeiiOTHHecKyK) npo(j)a3y I, bo BpeMa xoTOpoii b TeneHHe 8 MecapeB npoHCxo^HT pocT 
h co3peBaHHe oou,HTa, oh popacTaeT ao pa3Mepa 3pejioii hkphhkh. IIpH cnapHBaHHH 
OBapHajiBHBie xaeTXH cbmkh BbipeaaiOT tomoh nporecTepOH, xoTOpbiii CTHMyjiHpyeT 
nepexoa H3 npocj)a3bi b I MeiioTHHecxoe aeaeHHe (mhto3 I), 3aTeM nocjie xopOTxoii 
HHTep(J)a3bi HacTynaeT II MeiioTHHecKoe aeaeHHe, KOTOpoe Ha HexoTOpoe BpeMa 
ocTaHaBJiHBaeTca Ha CTaaHH MeTa(J)a3bi (cTaana aiipa). npH onaoaoTBOpeHHH 
cnepMHeM MeTa(J)a3a 3aBepmaeTca, nponcxoaHT BTOpoe aeaeHHe Meoroa, nocjie Hero 
ranjiOHflHoe aapo aHpexaeTXH caHBaeTca c aapOM cnepMHa, h o6pa3yeTca 
annaonanaa 3HroTa. Ilocae sthx coSbithh caeayiOT nepe3 xaacaxie 30 mhh 
MHoroHHcaeHHbie aeaeHHa xaeTOx pa3BHBaiomeHca SaacTyabi (pnc. 346a). 

Ecan B3aTb c noMOuibio MHKpOMaHHnyaaTOpa neooabuiyio nacTb u,HTonaa3Mbi 
H3 oou,HTa Ha CTa^HH MeTa(|3a3bi II MeiioTHHecxoro aeaeHHa h HH'ben.HpoBaTb ee b 
u,HTonaa3My He c t n m ya n p o b a n n o ro nporecTepOHOM oorprra, to npon3onaeT 
noBTOpeHHe onncaHHoro Bbirne npopecca: oou,ht BCTynHT b I aeaeHHe Meiio3a, a 
3aTeM h bo II aeaeHHe, T.e. nporooiiaeT ero co3peBaHHe (pnc. 346b). TaxHM 
o6pa30M 6biao HaiiaeHO, hto b oopHTe Ha CTaaHH MeTa(|)a3bi II aeaeHHa b 
u,HTonaa3Me cymecTByeT foaxrop (nan (Jmxropbi), CTHMyrmpyioipHe CQ3peBaHHe 
aiipexneTXH (OCC nan MPF - maturation promoting factor). 

Oica3aaocb, hto stot (JmxTOp (6yaeM Ha3biBaTb ero MPF) npHcyrcTByeT b 
xaeTxax ToabKO bo BpeMa MHTOTHHecKoro cocToaHHa. Oh oonapyvxnBaeTca Taxace h 
bo BpeMa apoSaeHHa aiipexneTXH (pnc. 347). TaxHM o6pa30M, ypOBeHb MPF b 
HHTep(J)a3Hbix xaeTxax hh3xhh, a b m m tot m h e c x m x bbicoxhh. 
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^aaee 6biho iianneim, hto npn miBeKmm u,HTonaa3MBi H3 m h tot h h e c k h x 
KJ ieTOK KyjIBTypBI TKaHH B HeCTHMyjlHpOBaHHBIH OOLU1T X. laevis, npOHCXOflHT 
C03peBaHHe ooiprra. CaeaoBaTeaBHO, (j)aKTOp, CTHMynHpyioiHHH mhto3 h (jiaKTOp, 
CTHMyjiHpyiomHH co3peBaHHe ooh,htob - oano h Toace. 

3tot (JtaKTOp, MPF, 6biji BBiaeaen h oxapaKTeprooBam 3to reTepoaHMepimni 
KOMIIJieKC, COCTOaiHHH H3 6eJIKa pHKJIHHa (cm. HH5Ke) H 3aBHCHMOH OT H,HKHHHa 
npoTenHKHHa3Bi (Cyclin dependent kinase - Cdk), (jiepMeHTa, OTHOcameroca k 
(})oc(j)opHaa3aM, KOTopBiii MOHH(|mmipyeT ochkh, nepeHoea (J)occj)aTHyK) rpynny ot 
ATd) Ha aMHHOKHcaoTBi cepHH h TpeoHHH. CnepoBaTejiBHO, MPF coctoht H3 anyx 
cydBepHHHu,: xaT an h t h h e c ko h (Cdk) h perynaTopnoii (miKami) (pnc. 348). 

I (HKaHHBT 

lJ,HKaHH 6 Bin oonapy>Ken npn inyHemm BKaioneima MeneiiBix aMHHOKHcaoT b 
chhxpohho apodamneca aiipa MOpCKoro eaca. Bniao odHapyaceHO, hto b ophom H3 
SeaxoBBix nHKOB Ha 3aeKTpo(J)operpaMMax MeTKa nepHopHnecKH to noaBaaeTca, to 
Hcne3aeT: OHa noaBaaaacB nocae KaeTOHHoro peaeHHa, nocTeneHHO B03pacTaaa k 
MHT03y, a 3aTeM ee ypOBeHB naaan nocae aHa(J)a3Bi, h noTOM CHOBa HanHHaa 
B03pacTaTB b caepyiomen HHTep(j)a3e. 3tot denox 6nia Ha3BaH HHKaHHOM . Oh 
nocToaHHO CHHTe3HpyeTca b TeneHne 3MdpHOHanBHoro KaeTOHHoro pmcna h pe3KO 
pa3pymaeTca npn BCTynaeHHH b ana(})a3y. FToaoonbiH MHTOTHnecKHH mi Kami B 6Bia 
o6napy>Ken y Bcex ayxapHOT, b tom nncae h y X. laevis. 

B paHHeM 3M6pHoreHe3e, T.e. npn apodneHHH anu, X. laevis, nepBBie 12 
aenemm nayT apyr 3 a apyroM npn MHHHMaaBHoii BeaHHHHe Gi h G 2 nepnoaoB, h 
B03pacTaHne ypOBHa MPF nponcxoanT bo BpeMa xaacaoro aeneHHa. HHTepecHO, hto 
apodneime anu, h phkjihh e ckh e H3MeHeHHa aKTHBHOCTH MPF nponcxoaaT Taicace 6e3 
ynacTHa aaep. 3to 3iiaHHT, hto ana noaBaeHHa aKTHBHOCTH MPF He HyacHa 
TpaHCKpnnu,Ha mnfiopMapHOHHBix PHK. B 3tot nepHoa Bee xaeTOHHBie SeaxoBBie 
CHHTe3Bi HayT Ha aoaro'/KHBymiix MaTpHHHBix PHK, CHHTe3HpOBaHHBix erne bo BpeMa 
pocTa oolihtob b MeiioTHHecKOH npo(|>a3e. 


427 



PacniH(J)pOBKa npHpoabi axTHBHOCTH MPF Obina nonywena Ha MoaenbHbix 
3KCnepHMeHTaX C HCn0JIb30BaHHeM H,HTOnJia3MaTHHeCXHX 3XCTpaXTOB 
aKTHBHpOBaHHbIX aim X. laevis. B 3THX 3KCTpaKTaX 6bIJlH BCe KOMnOHeHTbl flJia 
noaaepncaHHa xjieTOHHoro u,HXJia: (jiepMeHTbi h npeamecTBeHHHXH ana CHHTe3a 
^HK, rHCTOHbi h apyrne oemcn h minnabi ana oSpasoBanna aaepnoii oSojiohxh, Tax 
ace xax h mPHK, neooxoanMaa ana CHHTe3a SenxoB, h b tom micne miKnuna B. 

Ecjih x TaxoMy axcTpaxTy aooaBirrb xpOMaTHH H3 cnepMHeB X. laevis, to Boxpyr 
xpOMaTHHa oSpaayeTca aaepnaa odojiOHxa, 3aTeM npoHexoaHT CHHTe3 /THK, cneayeT 
Konaencauna xpomocom, pa3pymaeTca aaepnaa odojionxa, o6pa3yeTca 
MHTOTHnecxaa (j)Hrypa, h noTOM HacTynaeT HHTep(f)a3a, h h,hxji noBTOpaeTca nepe3 
xaacaxie 20 mhh CHOBa h CHOBa. IIo Mepe npoxo/xaenna xaacaoro u,HXJia npoHexoaHJio 
CHanana HapacTaHHe pHXJiHHa B b HHTep(J)a3e napajniejibHO B03pacTaHHio 
axTHBHOCTH MPF. B MHT03e nocne aHa<f)a3bi xonmiecTBO Huxanna B h bxthb ho ctb 
MPF naaanH, T.e. npoHexoaHJio u,HXJiHHecxoe H3MeHeHHe anyx napaMeTpOB (pnc. 
349). Flo Mepe B03pacTaHHa ypOBHa MPF npn noBbimeHHH axTHBHOCTH Cdk 
npoHCxoamia xoHaeHcaima xpomocom 3a cneT (jioc^opHJiHpOBaHHa xoHaeHCHHOB h 
THCTOHa HI, pacnaa aaepHoii oSojiohxh npn (J)occj)opHJiHpOBaHHH naMHHOB, 
o6pa30BaHHe BepeTeHa aeneHHa, T.e. Bee aTpnoyTbi m htothh e cxor o annapaTa. 

noaaBJieHHe CHHTe3a 6enxa imxjiorexcHMHaoM hjih pa3pymeHHe Been mPHK c 
noMombio PHK-a3bi hojihoctbk) CHHMano u,nxjiHxy MPF h u,HXJiHHa B. Ecjih nocne 
aeiiCTBHa PHK-a3bi h npn nocneayiomeM ee yaajieHHH bbccth b sxcTpaxTbi mPHK 
tojibxo ana u,HXJiHHa B, to nepHoamiecxHe H3MeHeHHa ypOBHeii MPF h u,nxjiHHa B 
BoecTaHaBJiHBaiOTca (pnc. 349b). 3th aaHHbie TOBOpaT o tom, hto b CHCTeMe MPF 
tojibxo u,hxjihh B CHHTe3HpyeTca b iniTep(j)a3e h aerpaanpyeT b aHacfme. B to BpeMa 
xax BTOpoii xoMnoHeHT, a h Men no npoTeHHXHHa3a Cdk cymecTByeT aonroe BpeMa h 
axTHBHpyeTca npn noaBJieHHH u,nxjiHHa B. 

/l,erpaaau,Ha u,nxjiHHa B b aHa(J)a3e Bbi 3 biBaeTca cjio>xhoh penoHxoH SeaxoBbix 
B 3 aHMoaeiiCTBHH, xoTOpaa npHBoaHT x ero pacmenjieHHio c noMombio cnoacHbix 
deaxoBbix npOTeojiHTHnecxHx xoMnnexcoB - npoTeocoM . KpOMe toto, b nananbiibix 
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3Tanax aerpanamm u,nKJinHa ynacTByeT caoacHBiH SeaxoBBiii komiuickc APC 
(KOMnneKC c t h m y a n p y i o m n ii aHa(J)a3y), kotoplih He tojibko noaroTaBa h btct lui K ami 
k aerpaaapHH, ho oaHOBpeMeHHO npHBoaHT k aerpaaapHH Kore3HHOB, 
yaep/KHBaiomiix xpoMaraaBi apyr c apyroM BnaoTB ao aHacJ)a3Bi. 

Ooman cxeMa peryaamm m h tot h h e c ko ro miKamia B h MPF b miKHupyiomiix 
KaeTKax MoaceT 6bitb npeacTaBaeHa Ha pnc 350. 

Peryaapna KaeTonnoro u,HKaa y m a e ko n n a a i o m n x 

Ha npeaBiaymen cxeMe paccMOTpeHBi ToaBKO Konemmie 3Beima uemi coobitmh, 
3aKaHHHBaK)HiHxca aeaeiiHCM KaeTKH. OaHaKO, ktik yace roBOpnaocB, aeaemie KaeTKH 
o6a3aTeaBHO CBa3aHO c penaHKapneH ^HK. CaeaoBaTeaBHO, aoaacHBi cymecTBOBaTB 
MexaHH3MBi, peryanpyioume 3anycK CHHTe3a ,ZJHK, a 3TOMy aoaacHBi 
npeauiecTBOBaTB co6bithh Gl-nepnoaa, noaroTaBaHBaioiHHe Hanaao S-nepnoaa. 
OKa3aaocB, hto KOMnaeKCBi Cdk - m h tot h h e c k h h u,HKaHH B - sto ToaBKO kohchhbih 
3Tan peryaau,HH KaeTOHHoro u,HKaa. Ha caMOM ace aeJie ot Hanaaa BxoacaeHHa b 
KaeTOHHBiH u,HKa ao ero aaBepuiemui b KaeTKe paSoTaeT KacKaa KOMnaeKCOB Cdk- 
u,HKaHH. Tax, y apoacaceii oaHH h tot ace Cdk OTBenaeT 3a npoxoacaeHHe u,HKaa, ho Ha 
pa3HBix ero CTaamix oh B3aHMoaeHCTByeT c pa3HBiMH miKaimaivm, xapaxrepHBiMH 
aaa Kaacaoii CTaaim KaeTonnoro iimcaa. 

Y MaeKonHTaKDHiHx b peaaH3au,HH Bcero mmaa ynacTByiOT 9 paaamniBix 
PHKaHHOB h 7 pa3HBix Cdk (pnc. 351). Ho hto aBaaeTca nycxoBBiM MexaHH3MOM j\ji% 
Bxoacaemia KaeTOK b u,HKa H3 cocToanna noxoa, H3 Go-CTaann? Mbi BHaean, hto aaa 
aKTHBau,HH KaeTOHHoro u,HKaa oou,HTa X. laevis HeodxoaHMO nepBOHanaaBHoe 
B03aeiiCTBHe ropMOHa nporecTepOHa, KOTOpBiii b aaHHOM caynae aBaaeTca (JmKTOpOM 
pocTa (cPP nan GF) nan npoaH(j)epau,HH. 

BBiao HaiiaeHO, hto cymecTByeT MHoacecTBO cjiaKTopoB pocTa, nooyacaaiomux 
KaeTKH k pa3MHoaceHHio. Ohh MoryT 6bit co6ctb6hhbimh npoayKTaMH aaHHBix 
KaeTOK (ayTOKpHHHaa CTHMyaapna) nan apyrnx coceaHHX (napaKpmmaa 
CTHMyaapna), nan aaace KaeTOK apyrnx opraHOB (ropivionaa Biian CTHMyaapna). Tax, 
HanpHMep, (Jiaxrop pocTa H3 tpom6ou,htob (PDGF) CTHMyanpyeT npoamjiepamno 
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KJieTOK COeflHHHTeJIBHOH TKaHH, SnHpepMaJIBHBIH OP (EGF) CTHMyjIHpyeT 
pa3MHO>KeHne mhothx thiiob kjictok, padoTaeT KaK CHraajiBHBiH dejiOK npn 
3M6pHOHaJIBHOM pa3BHTHH; OP HepBOB (NGF) BBI3BIBaeT pOCT OT^eJIBHBIX THIIOB 
HeilpOHOB; 3pHTp0n03THH BBI3BIBaeT npOJIH(J)epaU,HIO npeflHieCTBeHHHKOB 
3pHTpOH,HTOB H T.p. 

XopOHIHM npHMepOM 3aBHCHMOCTH npOJIH(])epail,HH KJieTOK OT (JiaKTOpOB pOCTa 
MoryT cjiy>KHTB KJieTOHHBie KyjiBTypBi. Ebijio nanaeno, hto an a pasMiiO/Keniia mhothx 
KJieTOHHBix KyjiBTyp, KpOMe nHTaTejiBHBix cpea, neooxoaHMO aoSaBaemie c&iBOpOTOK 
KpOBH HJIH 3M6pHOHaJIBHBIX 3KCTpaKTOB . OKa3aJIOCB, HTO HMCHHO B 3THX podaBKaX 
coaep'/KaTCH OP. Be3 hhx khctkii nepexopiiT b Go-CTapmo, a 3aTeM norndaiOT. ^jni 
pocTa HepBHBix KJieTOK b KyjiBType TpedyeTCJi aoSaBaenne b cpepy (JmKTOpa pocTa 
HepBOB (NGF). 

3th pa3HBie OP CBiOBiBaiOTCii Ha noBepxHOCTH kjictok co cbohmh pepenTOpaMH 
h nepeaaiOT cnrHaji nepea BTOpHHHBie Meccemi/KepBi (HanpHMep, pAMO) Ha 
CHCTeMy BHyTpHKJieTOHHoro KacKapa npoTeHHKHHa3 ((j)oc(|)opHJia3), CBnaaiiiiBix c 
3anycKOM kjictohhoto pmcjia. C nana Jia aKTiiBiipyiOTCH reHBi paHHero otbctb. 6cjikh 
KOTOpBIX HHpypHpyiOT TpaHCKpHnpHIO reilOB OTJIOyKeHHOTO OTBCTa . HeKOTOpBie H3 
HHX eaMH HB3HI0TCH (J)aKTOpaMH TpaHCKpHnpHH, a TaK>Ke HIIJiymipyiOT CHHTe3 
HeKOTOpBix u,hkjihhob h cdk, KOTOpBie OTcyTCTBOBajiH b Go-nepnope. 

Tax, BHanajie ciiiiTeinpyiOTCH ochkh Cdk h phkjihhbi, xapaKTepHBie pjia Gi- 
CTapHH, 3aTeM pjia S-(J)a3Bi h noTOM pjui MHT03a (pnc. 352). B Gi-CTapHH KOMnjieKC 
Cdk-u,HKJiHH (Gr CDK) (jioc(J)opHJiHpyeT (jiaKTopBi TpancKpiinmiH, HeodxopHMBie 
pjia aKTHBau,HH 3KcnpeccHH reHOB, OTBeTCTBeHHBix 3a o6pa30BaHHe CHHTeTHHecKoro 
KOMnjieKca S-CDK, kotopbih nocjie oopaaoBaiiHii miaKTiiBiipyeTCH cnemiaaBiiBiM 
hhthShtopom. B KOHpe Gi-nepnopa KOMnjieKC Gi - CDK (JioccJiopHJiHpyeT stot 
inirnoMTop, KOTOpBiH OTpejiseTCii ot KOMnjieKca S-CDK, tcm caMBiM ero aKTHBHpya. 
npn 3 tom b nepBOHanajiBHOM KOMnjieKce Gi— CDK phkjihh perpapHpyeT. 
AKTHBHpOBaHHBiii S-CDK KOMnjieKC HHpypHpyeT S-c})a3y, (}) o ccj ) o p ii ji ii p y h SejiKH 
peryjiHTOpHoro ynacTKa ,ZI,HK, CBusamiBix e tohkbmh nanajia penaiiKamiii. Ilocjie 
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3Toro mi Kami b 3tom KOMnneKce TEK/Ke 3 erpa 3 HpyeT. Ilocjie aKTiiBamni S-nepwoaa 
npoHexoflHT penjiHKapHa ^HK. Bo BpeMH S-nepno^a h b Hanaae G 2 -nepH 03 a 
nponcxo,zpiT CHHTe3 HOBoro, MHTOTHHecKoro KOMnneKca, M-CDK, onpeflejMiomero 

BXOJK^eHHe KJieTKH B MHT03. OflHaKO 30 OKOHHaHHH CHHTC3a /THK OH HEX 03 HTCH B 
HeaKTHBHOM COCTOHHHH H EKTHBHpy eTCH nyTCM He (}) O C (j) O pH3H p OBaHH 3. IloCJie 
aKTHBau,HH 3Toro KOMnneKca, oh ynacTByeT b (J)occj)opHJiHpOBaHHH SeaicoB 
XpOMETHHE, HTO npHBOflHT K KOH^eHCaU,HH XpOMOCOM, SeJIKOB JIEMHHBI, KOTOpBie 
3 e n oa h m e p H3 y i o t c h , h npn stom paipymaeTca aaepnaa oSohohke, ({loccfiopiianpyeT 
p33 6e3K0B, aCCOU,HHpOBaHHBIX C MHKpOTpySOHKEMH npH 06pa30BaHHH BepeTeHa 
HeaeHHa. Ilocae accou,Hau,HH MHKpOTpySoneK c xpOMOCOMaMH npoHexoHHT 
aKTHBau,H3 APC (KOMnaeKC CTMiYiyaamm aHa(J)a3Bi), aerpaaamia Kore3HHOB, Bcaea 3a 
neM HacTynaeT aHac})a3a, h aKTHBapHa npoTeoaroa mhtothhc ckhx u,hkhhhob. Ilocae 
pacxo/Kaemia xpomocom h u,htotomhh b paHHeM Gi-nepnoae caeayiomero pnicaa 
HOBtie KOMnneKCbi Gi-CDK (JioccjDOpHaHpyiOT APC, hhekthb Hpya hx, hto 
cnocoScTByeT BnoeaeHCTBHH HaiconaeHHK) mhtothhcckhx u,hkhhhob. 

KOHTpOHBHbie TOHKH KaeTOHHOTO HHK3E 

Haanmie kohtpohbhbix tohck b KaeTOHHOM mmae ncooxoamvio 33 a 
onpeaeaeinia aaBepmenna ero ke/Khom (j)a3Bi. OcTaHOBKa KaeTomioro pHicaa 
npoHCxo^HT npn noBpe5K3eHHH ^HK b Gi-nepHone, npH HenoaHOH penaHKapHH 
^HK b S-(J)a3e, npn noBpeacHeHHH ^HK b G 2 -nepH 03 e, h npn HapymeHHH cb33h 
BepeTeHa HeaeHHa c xpOMOCOMaMH. 

O 3 HHM H3 K0HTp03BHBIX nyHKTOB B K36T0HH0M H,HK3e 3BHaeTC3 COOCTBeiHIO 
mhto3, KOTOpBiH He nepexoHHT b aHa(J)a3y npn HenpaBH3BHOH cSopxe BepeTeHa h npn 
OTCyTCTBHH n03HBIX CBH36H M HKp OTpy 6 OH 6 K C KHHCTOXOp EMH . B 3TOM C3yHEe He 
npoHCxo^HT aKTHBau,HH APC-KOMnneKca, He npoHexoAHT 3 erpa 3 au,HH Kore3HHOB, 
C0e3HH3K)HIHX CeCTpHHCKHe XpOMaTH^BI, H 3 eTpa 3 ai],HH MHTOTHHe CKHX U.HK3HHOB, 
hto neo 6 xo 3 HMO 333 nepexo 3 a b aHa(J)a3y. 

IIoBpe5K3eHH3 /THK npen^TCTByiOT Bxo/Kaemno K3eTOK b S-nepH 03 H3H b 
MHT 03. EC3H 3TH nOBpOKHeHHa He KETaCTpO(J)HHeCKHe H MOTyT 6bITB BOCCTEHOBHeHtl 
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3a cneT penaparaBHoro CHHTe3a ,ZJHK, to 6jiok xjieTOHHoro u,HXJia CHHMaeTca, h h,hxji 
flOxoaHT % o CBoero 3aBepmeHHH. Ecjih >xe noBpejxaeHHH ^HK 3HaHHTejibHbie, to 
K aKHM-TO o6pa30M npoHCxoflHT CTaSiunnamia h iiaKonaemie 6ejixa p53, 
KOHu,eHTpau,na KOTOporo b HOpMe oneHb HH3xaa H3-3a ero HecTaSmiBHOCTH. Eejiox 
p53 aBJiaeTca oahhm H3 (jiaxropOB TpancKpunmin, xoTOpbiii CTHMyrrapyeT cmiTes 
6ejixa p21, HBjnnomeroca hhth6htopom xoMmiexca CDK-h,hxjihh. 3to npHBOflHT k 
TOM y, HTO XJieTOHHblH H.HXJI OCTaiUlBa H BaCTCfl Ha CTaaHH Gi HJ1H G 2 . npH 6.JIOXe B G[- 
nepHoae KJieTKa c noBpejxaeHHeM ^HK He BCTynaeT b S-(J)a3y, Tax xax tto motjio 6bi 
npHBecTH k noHBaemno MyTaHTHbix xjieTOx, cpean KOTOpbix MoryT 6biTb h 
onyxojieBbie xjictxh. Ejioxaaa b G 2 -nepnoae Tax>xe npeflOTBpamaeT npopecc MHT03a 
xjieTOx c noBpe'/xaeiiHaMH ^HK. Taxne xjictxh, c SjioxnpOBaHHbiM xjieTOHHbiM 
u,hxjiom, b aajibHeHHieM norH6aK)T nyTeM anonT03a, nporpaMMHpOBaHHOH 
xjieTOHHOH rnEejiH (pnc. 353) 

IIpH MyTaunax, npuBonamux x noTepe reHOB 6enxa p53 hjih npn hx 
H3MeHeHHax, Saoxa^bi xjieTOHHoro pnxjia He nponcxoniiT, xjictxh BCTynaiOT b mhto3, 
HTO npHBOaHT X nOHBJieHHK) MyTaHTHbIX XJieTOX, SoJIbHiaa HaCTb H3 XOTOpbIX 
He>xH3Hecnoco6Ha hjih >xe nacTb H3 hhx ^aeT Hanajio 3JioxaHecTBeHHbiM xjieTxaM. 

Eiaea 27. rH6ejib kjictok: HeKpo3 h anonT03 

rn6ejib (cMepTb) OTnejibiibix xjieTOx hjih pejibix hx rpynn nocToanno 
BCTpenaeTca y MHoroxjieTOHHbix opraHH3MOB, Tax >xe xax nioeab oanoKaeTOHiibix 
OpraHH3MOB. npHHHHbl rH6eJlH, npOU,eCCbI MOp(j)OJIOTHHeCXOTO H SHOXHMHHeCXOTO 
xapaxTepa pa3BiiTiia xjieTOHHOH CMepTH MoryT 6biTb pa3JiHHHbiMH. Ho Bee >xe hx 
mo>xho neTxo pa3aejiHTb Ha aBe xaTeropHH: Hexp03 (ot rpen. nekrosis - 
OMepTBJieHHe) h anonTOi (ot rpen. xopHeii, 03HaHaiomHx "oTna/ieHHe" hjih 
"pacna^eHHe"), xoTOpbin nacTO Ha3biBaiOT nporpaMMHpyeMOH xjieTOHHOH CMepTbK) 
(nKC) hjih na'/xe xjieTOHHbiM c a m oy 6 hhctb o m (pnc. 354). 

HeKpo3 

3tot BHa xjieTOHHOH CMepTH oSbiHHO CBH3biBaeTca c HapymeHHeM 
BHyTpHXJieTOHHoro roMeocTa3a b pe3yjibTaTe napyuiemia npoHHu,aeMOCTH 
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KJieTOHHBIX MeMSpaH, npHBOITfl TTT HM K H3MeHeHHK> KOHU,eHTpai],HH HOHOB B KJieTKe, C 
HeoSpaTHMtiMH H3MeiienmiMH MHTOxoHflpHH, hto cpa3y npuBO^HT k npexpameHHio 
Bcex 5KH3HeHHBIX (j)yilKLUlH, BKJHOHafl CHHTC3 MaKpOMOJieKyjI. HeKp03 BbI3bIBai()T 
noBpe'/KaemiJi n a as m aT hh e c xo ii MCMopaiibi, nonaBHemie axTHBHOCTH MCMopainibix 
HacocoB no# ^eiiCTBHeM mhothx a^OB, a Tax>xe HeoSparaMbie n3MeHeHna 
3HepreTHKH npn He^ocTaTxe xHCJiopo^a (npn HineMHH - 3aicynopKe KpOBeHOCHoro 
cocyaa) hjih OTpaBJieHHH m mtoxo imp h an b n bi x (J)epMeHTOB (neiiCTBiie mianMnoB). 
npH 3 tom npn noBbimeHHH npoHHpaeMOCTH njia3MaTHHecxoii MeMSpaHbi KJieTKa 
HaSyxaeT 3a cneT ee o6BO,HHeHHfl, b u,HTonjia3Me npoHCxo^HT yBejiHneHHe 
KOHu,eHTpau,HH hohob Na + h Ca 2+ , 3aKHCJieHHe u,HTonjia3Mbi, naoyxamie BaxyojnipHbix 
KOMnoHeHTOB h pa3pbiB hx MeM6paH, npexpameHHe CHHTe3a SejixoB b u,HT030Jie, 
0CB0605KfleHHe JIH30C0MHbIX rHflpOJia3 H J1H3HC KJieTKH. OflHOBpeMeHHO C 3THMH 
H3MeHeHHaMH b u,HTonjia3Me H3MemnoTcn h KJieTOHHbie impa: BHanaJie OHH 

KOMnaKTH3HpyiOTCfl (nHKH03 imep), ho no Mepe na6yxainui impa h pa3pbiBa ero 
oSojiohkh norpamiHiibiH cjioh xpOMaTHHa pacnanaeTca Ha MejiKHe Maccbi 
(KapHOpeKcnc) a 3aTeM HacTynaeT KapHOJiH3HC, pacTBOpeHne impa. OcoSemiocTbio 
HeKp03a HB3H6TCH TO, HTO TaXOH ThScJIH nOHBCpraiOTCH SoJIBHIHe Tpynnbl KJieTOK 
(HanpHMep, npn HH(J)apKTe MHOKap^a H3-3a npexpameHHii CHa6>xeHHii KHCJiopOflOM 
ynacTxa cepnennoH mbiuiubi). 06bihhbim hbhhctch to, hto ynacTOx iieKposa 
noflBepraeTCH aTaxe jieHxou,HTOB h b 30He Hexp03a pa3BHBaeTcn BOcnajiHTejibHaH 
peaxu,Ha (pHC. ). 

AnonT03 

B npopecce pa3BHTHa opraHH3MOB h hx (J)yHxu,HOHHpOBaHHH bo B3pocnoM 
COCTOHHHH nOCTOHHHO npOHCXOflHT rH6eJlb HBCTH XJieTOX, HO 6e3 HX (|)H3HHeCXOrO 
HJIH XHMHHeCXOTO nOBpe5XfleHH3I, npOHCXOflHT xax 6bl HX "SeenpHHHHHaH" CMepTb. 
rnSejib XJieTOX nponcxo^HT npaxTHHecxn Ha Bcex CTa^nax OHToreHe3a. 
MHoroHHCJieHHbi npHMepbi OTMHpaHHa XJieTOX 6e3 noBpe'/XHemiJi npn 3M6pnoreHe3e. 
Tax OTMHpaiOT xjieTxn BOJib(J)OBa h MiojuiepOBa xaHajiOB npn pa3BHTHH MonenojiOBOH 
CHCTeMbi y no3BOHOHHBix, norn6aeT nacTb HeiipoSjiacTOB h roHa^ou,HTOB, norH6aiOT 
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KJieTKH npn MeTaM0p(j)03ax HacexoMbix h aM(])H6HH (pe30p6u,Ha xBOCTa y 
roaoBacTHKa h aca6ep y TpHTOHa) h t.a. 

Bo B3pocnoM opraHH3Me Taxace nocTOAHHO npoHexoflHT "cnoHTaHHaa" rnSeab 
KJieTOK. MHJIJIHOHaMH nOTH6aiOT KaeTKH KpOBH HeilTpO(J)HJlBI, KJieTKH 'innaepMHCa 
KOKH, KJieTKH TOHKOTO KHHieHHHKa - 3HTepOU,HTBI. HoniOaiOT (f)OHHHKyjiapHbie 
KJieTKH nHHHHKa nocjie OByjwu,HH, nonioaiOT KJieTKH m oa oh n oil aceae3bi nocae 
aaKTau,HH. TaKHx npHMepOB mhoto. OcoSchho mhoto npHMepOB rnSean xaeTOK 6e3 
HenoepeflCTBeHHoro hx noBpeac^eHHa npn pa3aHHHBix naToaorHaecKHx npopeccax. 
HanpHMep, KacTpapna (y^aaeHHe ceMeHHHKOB) BBi3BiBaeT rn6eaB KaeTOK 
npocTaTHaecKoii aceae3Bi, yzjaaeHHe THno(|)H3a npHBOflHT k rnSean KaeTOK 
1 1 aa none h i i h ko b . ^pyroii npHMep - nioeab niBaHHOBCKHx KaeTOK npn aereiiepamm 
aKCOHa. IIlBaHHOBCKHe KaeTKH b noBpeacfleHHOM nepncjiepHHecKOM HepBe B3pocaoro 
acHBOTHoro, Tax ace KaK h KaeTKH-caTeaaHTBi h HyBCTBiiTeabiibie HenpOHM b 
eooTBeTCTByiOHiHx cnHHH0M03T0Bbix y3aax, nornSaiOT. 

3th iiaSaioaemia naBoaaT Ha mbichb, hto KaeTomiaa CMepTb peryanpyeTca 
MeacKaeTOHHbiMH b 3 an m oa e h c t b h a m h paaanmibiM o6pa30M. MHoacecTBO KaeTOK 
mhoto KaeTOHHoro opraHH3Ma nyacaaeTca b CHraaaax Ha to, htoobi ocTaBaTbca 
acHBBiMH. B OTcyTCTBHH TaKHx CHTHaaoB Ha ii TpocJiHHecKHx (j)axTopoB b KaeTKax 
paiBMBaeTCH nporpaMMa «eaMoy6HHCTBa» nan nporpaMMHpyeMOH CMepTH. 
HanpHMep, KaeTKH KyabTypbi HeiipOHOB norH6aiOT npn OTcyTCTBHH (JiaxTopa pocTa 
HeiipOHOB (NGF), KaeTKH npocTaTbi ra6HyT b OTcyTCTBHH aH^poreHOB ceMeHHHKa, 
KaeTKH MoaoHHoii aceae3bi nornSaiOT npn na^eHHH ypOBHa ropMOHa nporecTepOHa h 
t . r . C apyroil ctopohbi, KaeTKH MoryT noayaaTb cnrHaabi, KOTOpbie b KaeTKax- 
MHineHax 3anycKaiOT npopeccbi, npHBOflamHe k rnSean no rany anonT03a. Tax, 
THflp0K0pTH30H BbI3bIBaeT Ml 063 b 3HM(J)0U,HT0B, a T3I0TaMaT - HepBHbIX KaeTOK B 
Kyabiype TKaim, (JiaKTop HeKp03a onyxoan (TNF) Bbi3biBaeT nioeab caMbix 
p aaanHHbix KaeTOK. Thpokchh (ropMOH hiktobhahoh aceae3bi) Bbi3biBaeT anonT03 
KaeTOK XBOCTa roaoBacTHKOB. KpOMe ttoto cymecTByiOT CHTyau,HH, Kor^a 
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anonTHnecKaa rnSejib kjictkh Bbi3biBaeTCn BHeniHHMH (J)aKTOpaMH, HanpHMep, 
pa^HapHeii. 

IIoH5iTne «anonT03» 6 bijio nojiyneHO npn H3yneHHH rnSejiH Hacra kjictok 
neneHH npn HenojiHoii nepeBioice nopTajibHoii bchbi. Bbijio o6Hapy>KeHO, hto npn 
3 tom naSaioaaeTca CBoeoSpaanafl KapTHHa KjieTOHHoii CMepra, KOTopan 3aTparHBaeT 
jihihb OT^ejiBHBie KJieTKH b napeHXHMe neneHH. npopecc HaHHHaeTCii c Toro, hto 

KJieTKH TepaiOT KOHTaKTbl C COCeailHMH KJieTKaMH, OHH KaK 6bl CMOpmilBaiOTCa 

(nepBOHanajiBHoe Ha3BaHHe 3 toh (j)opMbi nioean shrinkage necrosis - HeKp03 
OKaraeM kjictkh), b a^pax no nx nepHcjiepHH nponcxo^HT cneu,n(j)HnecKaa 
Konnencamia xpoiYiaTinia, 3aTeM nnpo cj ) p a r m eiiTiipyeTca Ha OTrenbiiLie nacTii, Bcnen 
3a 3 thm caMa KJieTKa cj ) p a r m eiiTiipyeTCH Ha omen bii Lie Tejibpa, OTrpamiHemiLie 
njia3MaTHHecKOH MeMSpaHOH - anonnmecKiie TejibHa . AnonT03 - npopecc, 
npHBOfl^HiHH He k nH3Hcy, He k pacTBOpeHHK) KJieTKH, a k ee (j)parMeHTau,HH, 
pacnany. Cynb6a anonTHHe ckhx Teneu, TO>Ke neoSbmna: ohh cjiarommipyiOTca 
MaKpo(J)araMH hjih na>Ke HOpMajibHbiMH cocennuMii KJieTKaMH. IIpH stom He 
pa3BHBaeTCn BoenajiHTejibHaa peaKipui. 

Ba^KHO OTMeTHTb, hto bo Bcex cjiynaiix anonT03a, bo BpeMn jih 3M6pHOHajibHoro 
pa3BHTH3, BO B3pOCJIOM JIH OpraHH3Me, B HOpMe HJIH npH naTOJIOTHHeCKHX 
npopeccax, MOpcjiojiorHii npopecca rn6ejiH kjictok oneHb cxo^Ha. 3 to mokct 
TOBO pHTb 06 o6ihhocth npopeccoB anonT03a b pa3Hbix opraHH3Max h b pa3Hbix 
opraHax. 

HccnenoBaiiHa Ha pa3Hbix oSbeicrax noKa3ajin, hto anonT03 ecTb pe3yjibTaT 
peajiH3au,HH reHeTHnecKH 3anporpaMMHpOBaHHoii KjieTOHHoii thScjih. riepBbie 
HOKasaTenbCTBa n annul a reHeTHHecKoii nporpaMMbi kjictohhoh CMepTH (IIKC) 6bijih 
nojiyHeHbi npn H3yneHHH pasBiiTiia neiviaTOHbi Caenorhabditis elegans. 3tot nepBb 
pa3BHBaeTCn Bcero 3a 3 cyroK h ero Majibie pa3Mepbi no3BOjnnoT npocjieflHTb 3a 
cynbSoii Bcex ero kjictok, HaHHHan c paHHHx 3TanoB flpoSjieHHn ^o nojiOB03pejioro 
opraHH3Ma. 
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Oica3ajiocB>, hto npn pa3BHTnn C.elegans o6pa3yeTca Bcero 1090 kjictok, H3 
KOTOpBix nacTB HepBHBix KJieTOK b KOJiHHecTBe 131 niTyKH cnoHTaHHO nornOaeT 
nyreM anonT03a, h b opraHH3Me ocTaeTca 959 kjictok. Bbijih oonapy/KeiiBi MyraHTBi, 
y KOTOpBix npouecc aaHMHHapHH 131 kjictkh 6biji HapymeH. Bbijih o6napy>KeiiBi asa 
reHa ced-3 h ced-4, npoayKTBi KOTOpBix BBi3BiBaiOT anonT03 131 kjictkh. Ecjih y 
MyTaHTHBix C.elegans sth tchbi OTcyTCTByiOT hjih h3mchchbi, to anonT03 He 
HacTynaeT h B3pocjiBiii opraHH3M coctoht H3 1090 kjictok. Ebiji HaiiaeH h apyroil 
reH - ced-9, KOTOpBiil aBaaeTca cynpeccopOM anonT03a: npn MyrapHH ced-9 Bee 1090 
kjictok nornOaiOT. 

AHajior 3Toro reHa 6biji HaiiaeH y aeaoBeKa: bcl- 2 -TQn TaKace aBaaeTca cynpeccopOM 
anonT03a pa3JiHHHBix kjictok. OKa3ajiocB, hto o6a SejiKa, KoanpyeiviBie sthmh 
reHaMH, Ced-9 h Bcl-2, hmciot o^hh TpaHCMeMdpaHHBiH aoMeH h aoKaaroyiOTca bo 
BHeniHeii MCMopane MMTOxonapiiii, aaep h 3 ii ao n a a3 m ar ii h e c ko ro peTHKyayMa. 

CiiCTeMa pa3BHTHa anonT03a OKa3aaacB ohciib cxoanoii y neiviaToaBi h 
no3BOHOHHBix acHBOTHBix, OHa coctoht H3 Tpex 3bchbcb: peryaaTOp, aaanTep H 
3(|)(j)eKTOp. Y C.elegans peryaaTOpOM aBaaeTca Ced-9, kotopbih oaoKiipyeT 
aaanTcpiibiH oca ok Ced-4, kotopbih b cboio oiepeaB He aKTHBHpyeT 3c}xj)eKTopiiBiM 
oeaoK Ced-3, npoTea3y, KOTOpaa aeiiCTByeT Ha 6eaKH miTOCKeaeTa h aapa. 

Y no3BOHOHHBix CHCTeMa IIKC 6oaee caoacHaa. 3aecb peryaaTOpOM aBaaeTca 
oeaoK Bcl-2, kotopbih iinnioiipyeT aaanTepiiBiii oeaoK Apaf-1, c t ii m y a ii p y io lh h ii 
KacKafl aKTHBau,HH cneu,HaaBHBix npoTeHHa3 - Kacna3. 


Ta6aHii;a Pa3BHTHe npopecca nporpaMMHpOBaHHOH KaeTOHHoii CMepTH 

(anonT03a) 




AaanTep 

^3 




Ced-9 

Ced-4 

Ced-3 

IIKC 


ri03BOHU T d^' 

Bie 

Bcl-2 

Apaf-1 

Casp 9 
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Kacna3M - u,ncTenHOBi>ie npoTea3Bi, KOTOpBie pacinenaaiOT 6enKH no acnaparnHOBon 
KHCJiOTe. B KJieTKe Kacna3Bi CHHTe3HpyiOTca b (j)opMe naTeHTHBix npenmecTBeHHHKOB 
- npoKacna3. CymecTByiOT HHHnHHpyioinHe n acjnjieKTOpHBie Kacna3Bi. 
HnnnnnpyiOLnne Kacna3Bi aKTHBiipyiOT naTeHTHBie (J)opMBi 3(jn|>eKTOpHBix Kacna3. 
CyScTpaTaMH n aa aeiicTBiia aKTHBHpOBaHHBix Kacna3 cayacaT 6onee 60 paxanmiBix 
6enKOB. 3to, HanpHMep, KHHa3a (J)OKajiBHBix aaresHonnBix CTpyKTyp, iniaKTn Banna 
KOTOpOH npUBO^HT K 0X^636111110 anOnTHH6CKHX KH6T0K OT C0C636H; 3T0 aaMHHBI, 
KOTOpBie npn aencTBiin Kaena3 paaSnpaiOTca; sto miTOCKeneTiiBie 6eaKn 
(npoMeacyroHHBie (jinnaMeiiTBi, aKTHH, reaBioann), nnaKTn Banna kotopbix npiiBoanT 
k H3MeHeHHio (jiopMBi KaeTKH h k noaBJieHHio Ha ee noBepxHoeTH ny3Bipen, KOTOpBie 
naiOT Hanano anon™ nee khm Teamaivi; sto aKTHBHpyeMaa npoTea3a CAD, KOTOpaa 
pacinenaaeT ^HK Ha oa n ro n y kh e ot n a n bi e HyKJieTOCOMHBie (JiparMenxBi; sto 
(JiepMeHTBi penapanHH ^HK, nonaBaeHHe kotopbix npenoTBpainaeT BOCCTaHOBaeHHe 
OTpyKTypBi ^HK, h Mnorne apyrne. 

OnnnM H3 npHMepOB paiBopannBanna anonT03Horo OTBeTa MO>KeT aBaaTnca 
peaKnna KaeTKH Ha ot cyT ctbuc cnrnaaa ot neooxoanMoro Tpocjin nee koto (JiaKTOpa, 
HanpHMep, (JiaKTOpa poeTa HepBOB (NGF) hhh aHaporeHa (pne. 355). B nHTonaa3Me 
KJieTOK b npHeyTOTBHH Tpo(})n L iecKnx (JmKTOpOB naxoanTca b HeaKTHBHoii (})opM6 eine 
o^hh ynaeTHHK peaKnnn - (JioccjiopHHHpOBaHHBiH SeaoK Bad. B OTeyTeTBHH 
Tpoc|)HHeeKoro (jiaKTOpa stot 6eaoK aecjioccfiopHHHpyeTca h 6Ba3BiBaeTea e SeaKOM 
Bel-2 Ha BHeniHeii MHTOxoHapnaaBHOH MeMSpaHe h sthm KHraOnpyeT ero 
aHTHanonT03HBie CBOHCTBa. riocae stoto aKTHBHpyeTca MeM6paHHBiH 
npoanonTHHecKHH ochok Bax, OTKpBiBaa nyTB HOHaM, BxoaamnM b MiiTOxonapmo. B 
3to ace BpeMa H3 MHTOxoHapHH nepe3 o6pa30BaBHiHeca b MeMSpaHe nopBi b 
miTonaasMy bbixoaht miTOxpoM C, KOTOpBiii CBa3BiBaeTca c aaanTepiiBiM ochkom 
Apaf-1, KOTOpBiii b cbok) onepeaR aKTHBHpyeT npoKacna3y 9. AKTHBHpOBamiaa 
Kacna3a 9 3anycKaeT KacKaa apyrnx npoKacna3, b tom nncae Kacna3y 3, KOTOpBie 
SynynH npoTeHHa3aMH, nannnaiOT nepeBapHBaTB MemeHHBie 6eaKH (aaMHHBi, 6eaKH 
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u,HTOCKejieTa h /ip.), hto Bbi3biBaeT anonTHnecKyio CMepTB KJieTKH, ee pacna/i Ha 
Hacra, Ha anonTHnecKHe Tejibpa. 

AnonTHnecKHe Tejibpa, OKpy>KeHHbie njia3MaTHHecKOH MeMSpaHoii pa3pymeHHOH 
KJieTKH, npiiBaeKaiOT OTaejiBHbie MaKpo(J)arn, KOTOpbie hx norromaiOT h 
nepeBapHBaKDT c noMomtio cbohx jih30C0m. MaKpocjiarH He pearnpyiOT Ha coceaHHe 
HOpMajiBHBie KJieTKH, ho y3HaiOT anonTHnecKHe. 3to CBinaHO c TeM, hto npn 
anonT03e HapymaeTca acHMMeTpHa njia3MaTHHecKOH MeMSpaHbi h Ha ee 
noBepxHOCTH noaBJiaeTca (JioccJiaTHflHJicepHH, HeraTHBHO 3apa>KeHHBiH (JioccJiojiHnHa,, 
KOTOptiH b HOpMe pacnojiaraeTca b u,hto30jibhoh Hacra 6hjihhh,zihoh 
njia3MaTHHecKOH MeMopaiibi. TaKHM o6pa30M nyTeM H36HpaTejibHoro (jiaromiTOia 
TKaHH KaK 6bi OHHmaiOTca ot norH6niHx anonT03Hbix rjictok. 

KaK yKa3biBajiocb Bbirne, anonT03 MO>KeT 6biTb Bbi3BaH pejibiM paaoM BHeniHHx 
(f)aKTopoB, TaKHx KaK paanapHu, aeiicTBiie HeKOTOpbix tokchhob, unruoHTopoB 
KJieTOHHoro MeTa6ojiH3Ma. 

KaK y>Ke roBOpHJiocb, HeoSpaTHMbie noBpe5K,neHHii /|HK Bbi3biBaiOT anonT03. 3to 
CBinaHO c TeM, hto HaKanjiHBaiomHHca TpaHCKpHnpHOHHbiH (JiaKTOp, 6ejiOK p53, He 
tojibko aKTHBHpyeT 6ejiOK p2 1 , KOTOpbiii ininiOHpyeT laBiicamyio ot miKjnina KHHa3y 
h ocTaHaBJiHBaeT KJieTOHHbiii h,hkji b G, hjih G2 (J)a3e (cm. pnc. 353), ho h aKTHBHpyeT 
iKcnpeccino reHa bax, npoayKT KOTOporo 3anycKaeT anonT03. 

H36HpaTejibHbie noBpe>K,aeinHi mhtoxoh^phh, npn KOTOpbix b u,HTonjia3My 
BbICB0605KflaeTCM Il,HTOXpOM C, TaK>Ke HBJHHOTCH HaCTOH npHHHHOH pa3BHTHH 
anomxm. Ocooenno MHTOxonapini h apyrne KJieTOHHbie KOMnoHeHTbi CTpanaiOT npn 
o6pa30BaHHH TOKCHHeCKH aKTHBHbIX (J)OpM KHCJIOpOfla (ATK), nofl fleilCTBHeM 
KOTOpbix bo BHyTpeHHeii MCMopane mmtoxoii,tpiim oSpaayiOTca HecneipnjiHHecKHe 
KaHajibi c BbicoKoii npoHHu,aeMOCTbio a Jia hohob, b pe3yjibTaTe Hero MaTpHKC 
MHTOxoHApHH HaSyxaer, a BHemmra MeMSpaHa pa3pbiBaeTca. IIpH ttom 
pacTBOpeHHbie b MOKMCMopannoM npocTpaHCTBe 6cjikh BMecTe c miToxpoMOM C 
BbixoaaT b u,HTonjia3My. Cpean ocbooohhblhmxcii SejiKOB ecTb cjiaKTopbi, 
aKTHBHpyioiHHe anonT03, h npoKacna3a 9. 
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Mhothc TOKcmibi (pimmi, HH(j)TepMinibiM tokchh h flp.), a TaKace a iit h m ct a6o a HTbi 
MoryT Bbi3biBaTb naoeab kjictok nyTeM anonT03a. IIpH HapymeHHH CHHTe3a Seaxa b 
3H^onjia3MaTHHecKOM peTHKynyMe b pa3BHTnn anonT03a yiacTBycT aoKaaH30Bannaa 
TaM npoKacna3a 12, KOTopaa axrHBHpyeT pan apyrnx Kacna3, h b tom nncae Kacna3y 
3. 

3jiHMHHau,Ha, yaaaenHC OT^ejibHbix kjictok nyTeM anomxm naoaioaacTca n y 
pacTeHHH. 3necb anonT03 BKJiionaeT b ceoa, TaK ace KaK y >khbotiibix kjictok, (J)a3y 
HH^yKiinn, 3(J)(|)eKTOpHyio (J)a3y n (J)a3y nerpajiamin. Mopcjiojiorna rn6ejin kjictok 
pacTeHnii cxoana c mmmc Henna mm kjictok ambotmbix: Konaencanna xpoMaTnna n 
(J)parMeHTau,na aapa, on n ro n y km cot na n aa aerpaaanna /JHK, cacarae npoTonaacTa, 
ero apoSnenne Ha BcanKynbi, pa3pbiB naasMoaecM n T.a. Oanaxo BcanKynbi 
npoTonaacTa paapymaiOTca rnapoaaaaMH caMnx Be 3 n Kyi, Tax xax y pacTeHnii hct 
KjICtok, ananoniHMbix (JjaromiTaM. Tax IIKC nponcxo^HT npn pocTe kmctok 
KOpHeBoro nexanKa, npn (JtopMnpOBaHnn nep^opapnii y ancTbeB, npn o6pa30BaHnn 
KcnaeMbi n (|)ao3Mbi. OnaaanMC ancTbeB CBaaano c H36npaTeabHoii na oca bio kmctok 
onpefleaeHHon 30hbi nepeHKa. 

BnoaornnecKaa poab anonT03a nan nporpaMMHpOBaHHOH CMepTH kmctok ohcmb 
BeanKa: sto yaaaenMC OTpaSoTaBinnx CBoe nan nenyAMbix Ha nan mom 3Tane 
pa3BHTHa KaeTOK, a Taxace yaaaeHHe h3mchchhbix nan naToaorHnecKHx xaeTOK, 
ocooenno MyTaHTHbix nan 3apaaceHHbix BHpycaMH. 

/la a toto, hto6bi xaeTKH b m i i o ro km ctoh i i o m opraHH3Me cymecTBOBaaH, 
HyacHbi CHTHaabi Ha hx BbiacHBamie - tpocJjmhcckmc (J)axTopbi, CHTHaabHbie 
MoaeKyabi. 3th CHTHaabi MoryT 6bitb nepeaanbi Ha paccToaHHH h yaoBaeHbi 
cooTBeTCTByiOHiHMH peiienTOpHbiMH MoaexyaaMH Ha KaeTxax-MHHieHax 
(ropMonaabnaa, anaoKpininaa CHTHaaroapHa), sto moact 6bitb napaKpunnaa CBa3b, 
Koraa CHraaa nepeaaeTca Ha coceanioio xaeTxy (HanpHMep, nepeaaia 
n e ia p o m e a h aT o p a ) . IIpH OTcyTCTBHH tbkhx tpoc})hhcckmx (J)aKTopoB peaaM3ycTca 
nporpaMMa anonT03a. C apyrofi CTOpOHbi, anonT03 mo act BbiibiBaTbca cnrHaabHbiMH 
MoaeicyaaMH, HanpHMep npn pe30p6u,HH xBOCTa roaoBacTHKOB noa ^chctbhcm 
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THpOKCHHa. KpOMe Toro, fleiiCTBHe pa^a tokchhob, BjniaiomHx Ha OTflejiBHBie 3BeHBa 
MeTa6ojiH3Ma kjictkh, Taioxe MO>KeT CTaTB npumniOH KjieTOHHOH nioean 
nocpe^CTBOM anonT03a. 
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